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Also, as shown in conveyor application of Fi^ im «. « ■ , 
- «H™ina«on beam ( PUB, is ILtan^gL"' ^"T" ^ 
magnified field of view (FOV) of M ,h ■ I ^ dimensi °" ° f 

range o, tolerance which must ^ maintained *■ ™ is t0 decrease the 

— of fc ^ * ^ G m a rr:^:r;r t 18 *— - - 

- % XM2. Notab. y , ftis plot was * ^ » *— P* 

beam focused a, the farthest objert dZ^P^ * 2 "~ '~ 
purposes, the data points an d a Gaussian cl «. ^ 7 ^ For 

^en at ft. nearest^ farthest o^ dl^Ta dT ^ *** 

simultaneous* (i.e. left-to-righ, all ZT , * '° COnSider «" d ™-™ 

Obfect distance ^^heT T T dtae " Si ° n ™ d 

P-.underconsideradon.JZ^pte ^^If — 
laser beam width. P to(!et <*!«« »»"» center of the planar 

For a fixed focal length imaging lens, the width L of H» , , 
ol the fan/spread angle 9 induced by (1, fte JuTd^J , " ' ^ 



(9) 



£ = 2rtan — 
2 



Hg. 1M3 shows a plot of beam width length L versus oh*w * 
(accordance with the principles of the „,~ . • ^ KS ' ^ *■ 

^-^JIS.ZT,'' sh0Kn 1,1 Fig 1M4 - - h «*> 

aecreases as a function of increasing object distance. 
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IPLIM , ! ! ' T ^ *~ P0Wr °' 20 mW *» «* VLD ,3 to each 

PLIM 11, fte values shown to the ptote of Fig, 1M3 and 1M4 can be used ,o determtoe fte 
power density * „, ft e planar laser ^ „ ^ ^ ^ 0 ^ 

tacnon o, objec, disUnce. This measure, plotted ta Fig . 1N , ^ ^ - 

ser bean, focusing fechnfuue of ft. pres en t tavenHon, whereto fte heigh, of ft. p,aT^ 

lumtnatton beam is decreased as fte objec, distance increases, compensates for the "m 

sirirST t il,uminaHon beam - wwch ° ccms fa - «— " 

dtstance. Ttos yelds a la** beam power density on fte targe, object which Increases as a 

rn . 7 . ^ ,Ae1 ' C P'«- 1 nis t^ ix plot is shown in Fie. 10 For 

comp nson purposes, fte p,o, ob,atoed when using fte beam focusing ^ of £ 
mvenhon ,s plotted in Fig. 10 against a "reference" power density oln, F Ku I 
when ^ fte ^ beam a, toftoity, .tog a -L^^T^X 
5, deposed after fte VLD ,3, fo produr* a colUmated-fype p,ana r lasCT Ulununadon b " 

reference plo, m F,g. 10, does no, compensate for fte above^escribed efforts associated wift 
» mcrease to p,anar laser beam width as a functton o, objec, dis«a«ce. Ob^T^ 

zd« s n : n " pre,erred beam focusin8 *■ of fte p?ai y ;t: 

Therefore, m summary, where a fixed or variable focal len«», 

™p,„ r to ft. PlnM „_ w , fc laMr jriTfoZ^tc: 

mventtcm described above helps compere for decrease, to fte power d Jty o, fte" 
planar dhnmnauon beam due fo fte fart fta, fte width of fte p,anar laS er 
increases for increasing object distances away from fte imaging subsystem 




feroduce'o'T 8 ** *** kn0W " meaWd ° f *" »™ ffl ^on beam 

produced by each VXD to each PUM in fte PUM-based system hereof, it is appropriate «Z 
luncture to describe how the inHi v JH„=»i r appropriate at this 

laser illumination h T " ^ buttons of the planar 

laser Ulununanon beams produced a PUA 6A, 6B are additively combined to produce a 
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compose lanar |aser iIluminaHon hav(n8 ^ 

characlensto m near and far fields, as illustrated in Figs. 1P1 and IP2 

When the laser beam produced from the VLD is transmuted through the cvundrical 
lens, toe output bean, will be spread ou, into a laser Wunfinauon oeam JLZTZZl 
aiong toe direction in which the lens has curvatu re . The ^ size along hTa^ 
corresponds to the height of the cylindrical >ens wi,l be tranced uncha £ " 
lan^r User U.ununad„n bean, is projected onto a target surface, its profile of pow™ 
d,splacen,en, wiU have an approximately Gaussian distribution. I accordanTwiuTT 
P nnc,p. es of the P res«,, invenfion, the plurality of VLDs on each side of h K 
spaoed ou, and * in such a way toa, the, individua, power ^Z."^ 
produce a (composite) p,anar laser ifiuminafion beam having , JLJT^ 
which is disputed substanfiaUy urufornfiy over me entire w^T^ J 

indicated 7t^ m0nS ° f ^ PUMS al ° ng "* P ' anar kser array are 

2 T " ^ eXemP ' a,y ™— - «*• >« trough ,E 

nut mafhemafical analysis used to analyze the result „ sunnning up £ f IB 

Matlab- mathemafica, modeling program by Matoworks, fnc. (httW/www ^ J 
^ results are se, tor* in the date plots of Fig, 1P1 and 1P2 Zb,y, ta to Jdate 

artoes, ob^c, distance of toe system, whereas toe beam height is somewhat greatest! ^ 
Md regton Tbm. aitoough the far fie,d reives ,ess inuminadon power at Zy given tenT 
to power ts concentrated into a smaller area, which results in a greater power 

When ahgrung ft, mdividual plaMr ^ m 

r™ rr each puh u - - — - — -^-i 

^ummauon beam spatially coincides wift a secfion of toe FOV of me imaging subsZT 
; o that toe composite p,anar laser ifiuminafion beam produced by toe Mvid^C 

T"r* " S "» «» - - ^gtog subsystem toroughou, * ^ 
vorbng depth of the PLUM-based system. 
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In the PUIM-based systems disclosed herein, seven (7) general classes „f techniques 
and apparatus have been developed ,„ eflecflvely destroy or otherwise substanriaUy reduce fte 
spaual and/or temporal coherence of fhe laser illumination souses used to generate planar 
laser ...ununahon beams (PUBs) within such systems, and thus enable nme-varying slkle- 
notae pattern* to be produced a, me image detection ar.y thereof and temporary Z pLb.y 
spahally, averaged over the photo-integradon nme period mereof, thereby reducing L Rfi 
P^^P^noiaepatternsobserv^^ 

In general, me reo. mean square (RMS) power of speckie-noise patterns in PUIM-based 
systems can be reduced by using any combinaHon of the following techniques: (1) by using a 

"1 pi™? <diode) ta ** »™ «— 4. 

(Pimf, of flte PUIM-based system and cylindrical tens array 299 after each PUA to opHcaily 

rr, it te p,aMr uxr ta " b ° m *- ^ m — > 

<*> the targe, ob.ec, „ be illuminated, as illustrated in me various embodiments of ft. present 
mvenhon disclosed herein; and/or ,2, by emptying any of the seven generahzed speckle- 
pattern no.se reducdon techniques of the present invention described in detail below which 
operate by generating independent virtual sources of laser ffluminadon to eflecrively reduce the 
spabal and/or temporal coherence of the composite PUB either transmitted ,„ or reflected torn 

* ™ r T 8 mUminated ' NOtaWy - SP<Ckle - ,0iSe o, the 

PLuM-based system wffl be proportional ,„ ft e ^ roc of mc number „ _ 

reduchon techniques employed within the PUIM-based system. 

to Figs. II! through 1I12D, a first generalized method of speckle-noise pattern reducflon 
« accordance with fhe princip.es of the present invendon and pardcu.ar forms of apparatus 
therefor are schemadcauy Ulusteated. This generalized method involves reducing the spatial 
coherence „, fte PUB before i, illuminates the target (., object) by ,pp ly mg £«^L 
modulahon techniques during the transmission of the PUB towards the target 

In Figs. 1113 through U15C, a second generalized method of speckle-noise pattern 
reduchon in accordance with me prindp.es of the present invent and particular form, of 
apparatus therefor are schemattcally illustrated. This generalized memod involves tedudne me 
tempera, coherence o, the PUB before i, muminates me targe, ,ie. object, by apphdng temporal 
uttensdy modulahon techniques during me transmission of the PUB towards the tezge, 

In Figs. 1116 through 1I17E, a third generalized memod of speckle-noise pattern 
reduchon m accordance wift the principles of fte present invendon and particular fonns of 
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apparatus therefor are schematically illumed This generalized meftod involves reducmg ^ 
temporal coherence or the PUB before it fte ,a rget (le . objecl) „ 

phase modulation techniques during ft. „„„„ „ f ^ pUB ^ tem <^ 

reduori 1 " F ' 8S ' T ^ "'^ 3 f ° Ur,h - tad " W- Pa»em 

reduce, „ accordance with the principies of ft. present tendon and par«cu,ar forms" 

apparatus fterefor are schemadcaUy Ulustrated. This general method involves reducing the 
spans, coherence of fhe PUB before i, Uluminates the target ,U. object, by app Iyi ng 
frequency modulation (e.g. compounding/compiexing, during transmit o the ^ 
towards the target. 

In Figs. IOO through mw, , fifth generallzed me[hod „, 
eduction « accordance with the princip.es of the present invention and pardcuiar forms " 
.pparatus therefor are schemadcaUy Ulustrated. This generated meftod involves reducing ft. 
■patial coherence of ,h. PUB before it illuminates fte « 
intensity modulation techniques during the transmission of the PUB towards I Z£ ' 
I In Pig, 1122 through 1I23B, a six* general method of spedde-nL pattern 
eduction „ acCOTdanre ^ ^ prtadples of fte presH>t tav€naon ^ J J™ 

.pp^atus therefor are schemadcaUy iUusteated. This generahzed method involves reducing ft. 
pal coherence of the PUB after ,he transmitted PUB reflects and/or scatters off ^ 

(he detection of the reflected/scattered PUB. 8 
In Figs. 1,24 through U24C, a seventh generalized meftod of spedde-noise pattern 
eduction » accordance with the principles „, ft. present invention and par«cu,ar forms of 
■pparatus therefor are schemadcaUy iUustiated. This generaUzed meftod invoives reducing fte 

ZLtrrr t r ate ** pub «— - £ 
tzt ;r e <,e - * ci) by appiying ^ ^ 

ie detection of the reflected /scattered PUB. g 
Figs. U25A through 1I25N2, various "hybfid" despedding meftods and apparati* 
- disclosed for use in function wift PUIM-based systems empfoytag lin .„ £ 
lection,, .mag. detection arrays having e.ongated image detection ..ements with a high 
leight-to-width (H/W) aspect ratio. m a mgn 

lescrib^tf' °' "* Sam °* ed meth<K,S ° f >o be 

Ie* bed be ow are assumed ,0 satisfy the general conditions under which fte random 

specWe-no.se process is Gaussian in character. These genera, condidons have been clearly 

.denuded by ,.C. Dainty, e, al, in page 124 o, "User Spec*, and Re,ated Phenomena", 

u^are resteted below for fte sahe o, compieteness. (i, fta, ft. standard deviation of fte' 

he,gh, fluctuations m ft. scaftering surface (i e. targe, ob^) should be greater than X, 
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ensuring tha, the phase of the scatter wave is uniformly distributed in the range 0 to 2, 
and W tha, a great many independent scattering centers (on the target object) should contribute 
to any given point in the image detected at the image detector. 



Referring ,o Figs, in through 1IHC, me first generalized memod of speclde-noiae 
pa^rnreducfion and particular forms of apparatus therefor ^ be aKcribed . ^ 

memod ts based on the principle of spatially modulafing the 'transmitted" pLr laser 
dim o n ^ (PUB) priM |lluminatfag a tMgei ^ ^ - 

the ob,ec, ts tUummated with a spatially coherent-reduced planar .aser bean, and, as a resuit 
numerous substanfiaUy different time-varying spec W e-n„ise patterns are pr duced ^ 
detected over the photo-integrafion time period of the image detection array (in the Z 
subsystem,, thereby aUowing these speckle-noiae patterns to be tempormly IvLg* Z 

baervable specRle-noise pafiem reduced. Ibis method can be practiced with any of me PUM- 
ased systems of dre present invenfion disclosed herein, as weU as any system constructed in 
accordance with the general principles of the present invention. 

Whether any significant spatial averaging can occur in any particular embodiment of the 
resent mvenfion wiU depend on the relative dimensions of: (i, each element ta the ^ 
detection array; and (u) the physica! dimensions of me speckle blotehes in a given speckJe-noS 
pa^whic will depend on the stondard deviation of me surface heightlctoaCmt 
Katienng surface or targe, object, and me wavelength of fee Nomination source X. As tire siae 
of each unage detection dement is made .arger, the image resolution of the image detection 

tradeoff to be deaded upon in any given application. 

m Ftgs. m though „UC involves spatiaUy phase modulating te transmitied planar W 
dlunnnation bean, (PUB) along tire p,anar extent .hereof accotding to . (random ^ 
spa a phase modmation function (SFMF, prior to Ulutnmation of me terge, object Z> tij 
PUB, so as to modulate .he phase along the wavefron. of the PUB turd produce numerous 
— ,y different time-varying apeckle-noise patiem a. me image deLon 
^Subsystem d unng Ure pho.o-integration time period .hereof. As indicated a. B.oc k Bin Pig 
BI2B, the second step of me memod involves tempo.td.y and spatial* averaging me numercl 



-176- 



10 



5;w 



2f5 



If! 



25 



30 



35 



Attorney Case No.^B /7USA000 




substantially different speckle-noise patterns producad at the image detection array in the DT> 
Subsystem during the photo-integration time period thereof. 

When using the first generalized method, the target object is repeatedly illuminated wift 
laser Ught apparently originating from different points (i.e. virtual illumination sources) in 
space over the phote-integradon period of each detector element in the linear image detection 
array of the PLnM system, during which reflected laser illumination is received at the detector 
element. As the relative phase de.ays between these virtual UluminaHon sources are change 
over the photo-integration time period of each image detection element, these virtual sour! 
are effectively rendered spatially incoherent with each other. On a time-average basis the* 
time-varying speckle-noise patterns are temporally (and possibly spatially) averaged during the 
photo-mtegration time period of the image detection elements, thereby reducing the RMS 
power of the speckfe-noise pattern (i.e. level) observed thereat. As speckle noise patterns are 
roughly uncorrected a, the image detection array, the reduction in speckle-noise power should 
be proportional to the square root of the number of independent virtua. laser illumination 
sources contributing ,„ the illumination of the targe, object and formation of the image frame 
ftereof. As a result of the present invention, image-based bar code symbo. decoders and/or 
OCR processors operating on such digital image, can be processed with significant reductions 
m error. 

The first generalized method above can be explained in terms of Fourier Transform 
optics. When spatial phase modulating the transmitted PUB by a periodic or random spatial 
phase modulation function (SPMF). while satisfying conditions (i) -d (u) above, a spatial phase 
modulation process occurc on the spatial domain. This spatial phase modulation process is 
equrvafent to mathematical multiplying the PlIB by ^ ^ ' 

taction. This multiplication process on the spaHa. domain is equivalent on the spatial- 
frequency domain to the convolution of the Fourier Transform of the spatial phase modulation 
taction with the Fourier Transform of the transmitted PUB. On the spatial-frequency domain 
Bus convolution process generates spatially-incoheren, (he. statisticaUy-uncorrelated) spectiai 
components which are permitted to spatiafly-overlap a, each detection element of the ima~ 
detection array (i.e. on the spatial domain) and produce time-varying speckle-noise pattern! 
which are temporally (and possibly) spatially averaged during the photo-integration time 
benod of each detector element, to reduce the RMS power of the speckfe-noise pattern observed 
it the image detection array. 

In general, various types of spatial phase modulation techniques can be used to carry 
ut the first generalized method including, for example: mechanisms for moving the relative 
^ton/motion of a cylindrical lens array and laser diode array, including reciprocating a pair 
* rectdmear cylindrical lens arrays relative to each other, as well as rotating a cylindrical lens 
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array ring structure about each PL1M employed in the PLDM-based system- rotatine nh 
■notation discs having m„>Hp,e sectors with different refractive in*c«To'e^ « 
degrees of phase delay along the wavenon, of me PUB *~J^££Z 
baths) towards the obiec, to be iUuminated; acousto-opHca, Bragg-type Lus for 1^ T 
•eering using ultras waves; ultrasonically-driven deformab^tlT^'T 
spaba phase modulabon pane,; and outer spabal phase modulabon devices S^hT 
spauaihghtmodulabon^medunismswil.bedescnbedmdetaube.ow 




In Figs. 1I3A through 1I3D, there is shown an optical assembly 300 for use in anv PLDM 

r , r pair of r dL ^ ^ lA z zzzzztt: 

*er („„, of phase by 90 degrees, using two pairs of ultrasonic (or other mouon il^ 
tansducers 303A, 303B, and 304A, S04B arranged in a push-pun cL^Z Z Z^ 
earn components within the PUB 305 which are transmitted through ^c^JZ^ 

feat^rr^ 

™t tTf 1 C8USeS 11,6 SPaHal *"« «» — °< transmitted 

™ T and n ™ (e * 25 or more) substen,iai * *»— 

Lo It « ^ a ' taaSe de,eCa ° n ^ " » System duringZ 

photo-mtegrabon hme period thereof. The numerous ume-varytag speckLnoise^f 
produced a, the image detecbon array are temporaUy (and ,^12 
the photo-mtegrabon time period thereof, thereby reducing th. LI < * 

paHemsobservedatmeimagede^onarrly ? ^ P°- of speclde-noise 

andacce^O^ 

304A IT 7Z , m0Unan8 °* nB — fc '—*«■» 303A. 303B and 

304A, 304B. ,s used to mount the pair of cylindrical lens array, 30,A and 301B in a - 

relocating manner, and thus permitbng micro-oscillabon in accord*^ ZIZ - 

of *e present invenbon. In „3D, the pair of cylindrical lens a^ays ^Z^S7 
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phase modulated in a continual manner during object illumination operations. The function of 
cylindrical lens array 301B is to optically combine the spatial phase modulated PLIB 
components so that each point on the surface of the target object being illuminated by 
numerous spatial-phase delayed PLIB components. By virtue of this optical assembly design, 
when one cylindrical lens array is momentarily stationary during beam direction reversal, the 
other cylindrical lens array is moving in an independent manner, thereby causing the 
transmitted PLIB 307 to be spatial phase modulated even at times when one cylindrical lens 
array is reversing its direction (i.e. momentarily at rest). In an alternative embodiment, one of 
the cylindrical lens arrays can be mounted stationary relative to the PLIA, while the other 
cylindrical lens array is micro-oscillated relative to the stationary cylindrical lens array 

In the illustrative embodiment, each cylindrical lens array 301A and 301B is realized as a 
lenticular screen having 64 cylindrical lenslets per inch. For a speckle-noise power reduction of 
five (5x), it was determined experimentally that about 25 or more substantially different 
speckle-noise patterns must be generated during a photo-integration time period of 1/10000* 
second, and that a 125 micron shift (Ax) in the cylindrical lens arrays was required, thereby 
requiring an array velocity of about 1.25 meters/second. Using a sinusoidal function to drive 
each cylindrical lens array, the array velocity is described by the equation V=A©sin(wt), where 
A=3xl0" 3 meters and co=370 radians/second (i.e. 60Hz) providing about a peak array velocity of 
about 1.1 meter/second. Notably, one can increase the number of substantially different 
speckle-noise patterns produced during the photo-integration time period of the image 
detection array by either (i) increasing the spatial period of each cylindrical lens array, and/or 
(ii) increasing the relative velocity cylindrical lens array(s) and the PLIB transmitted 
therethrough during object illumination operations. Increasing either of this parameters will 
"have the effect of increasing the spatial gradient of the spatial phase modulation function 
(SPMF) of the optical assembly, causing steeper transitions in phase delay along the wavefront 
of the PLIB, as the cylindrical lens arrays move relative to the PLIB being transmitted 
therethrough. Expectedly, this will generate more components with greater magnitude values 
on the spatial-frequency domain of the system, thereby producing more independent virtual 
spatially-incoherent illumination sources in the system. This will tend to reduce the RMS 
power of speckle-noise patterns observed at the image detection array. 

Conditions For Producing Uncorrected Time-Varving Sprrkle -Noise Pattern Variations At ThP 



Image Detection Array of The IFD Module (i.e. Camera Subsystem) 



In general, each method of speckle-noise reduction according to the present invention 
requires modulating the either the phase, intensity, or frequency of the transmitted PUB (or 
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reflected/received PLIB) so that numerous substantially different time-varying speckle-noise 
patterns are generated at the image detection array each photo-integration time period/interval 
thereof. By achieving this general condition, the planar laser Ulumination beam (PUB), either 
transmitted to the target object, or reflected therefrom and received by the IFD subsystem, is 
rendered partially coherent or coherent-reduced in the spatial and/or temporal sense. This 
ensures that the speckle-noise patterns produced at the image detection array are statistically 
uncorrelated, and therefore can be temporally and possibly spatially averaged at each image 
detection element during the photo-integration time period thereof, thereby reducing the RMS 
power of the speckle-patterns observed at the image detection array. The amount of RMS 
power reduction that is achievable at the image detection array is, therefore, dependent upon 
the number of substantially different time-varying speckle-noise patterns that are generated at 
the image detection array during its photo-integration time period thereof. For any particular 
speckle-noise reduction apparatus of the present invention, a number parameters will factor 
into detemuning the number of substantially different time-varying speckle-noise patterns that 
must be generated each photo-integration time period, in order to achieve a particular degree of 
reduction in the RMS power of speckle-noise patterns at the image detection array. 

Referring to Fig. 1I3E, a geometrical model of a subsection of the optical assembly of Fig. 
1I3A is shown. This simplified model illustrates the first order parameters involved in the PLIB 
spatial phase modulation process, and also the relationship among such parameters which 
ensures that at least one cycle of speckle-noise pattern variation will be produced at the image 
detection array of the IFD module (i.e. camera subsystem). As shown, this simplified model is 
derived by taking a simple case example, where only two virtual laser illumination sources 
[such as those generated by two cylindrical lenslets) are ffluminating a target object. In practice, 
there will be numerous virtual laser beam sources by virtue of the fact that the cylindrical lens 
array has numerous lenslets (e.g. 64 lenslets/ inch) and cylindrical lens array is micro-oscillated 
at a particular velocity with respect to the PLIB as the PLIB is being transmitted therethrough. 

In the simplified case shown in Fig. IDE, wherein spatial phase modulation techniques 
are employed, the speckle-noise pattern viewed by the pair of cylindrical lens elements of the 
imaging array will become uncorrelated with respect to the original speckle-noise pattern 
(produced by the real laser iUumination source) when the difference in phase among the 
wavefronts of the individual beam components is on the order of 1/2 of the laser illumination 
wavelength X. For the case of a moving cylindrical lens array, as shown in Fig. 1I3A, this 
decorrelation condition occurs when: 

Ax>XD/2P 
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wherein, Ax is the motion of the cylindrical lens array, X is the characteristic wavelength 
of the laser illumination source, D is the distance from the laser diode (i.e. source) to the 
cylindrical lens array, and P is the separation of the lenslets within the cylindrical lens array. 
This condition ensures that one cycle of speckle-noise pattern variation will occur at the image 
detection array of the IFD Subsystem for each movement of the cylindrical lens array by 
distance Ax. This implies that, for the apparatus of Fig. 1I3A, the time-varying speckle-noise 
patterns detected by the image detection array of IFD subsystem will become statistically 
uncorrelated or independent (i.e. substantially different) with respect to the original speckle- 
noise pattern produced by the real laser fflumination sources, when the spatial gradient in the 
phase of the beam wavefront is greater than or equal to X /2P. 

Conditions For Temporally Averaging Time-Varving Sp ^lo-M,^ PattPms At Th„ Image 
Detection Arrav of The. TFD Qi.fccrct^™ t« a„„~.j~ " _ \at.h. « . — . . " - r V x " c _ 1 "'««B ff 



mvennon ° f ^ S " bSVStem T " A( ™" ^ With The P^ pk , Of ThP p3 



To ensure additive cancellation ol the uncorrelated time^varying speckle-noise patterns 
detected at the (coherent) image detection array, it is necessary that numerous substantially 
different (i.e. uncorrelated) time-varying speckle-noise patterns are generated during each the 
photo-integration time period. In the case of optical system of Fig. 1CA, the following 
parameters will influence the number of substantially different time-varying speckle-noise 
patterns generated at the image detection array during each photo-integration time period 
thereof: (i) the spatial period of each refractive cylindrical lens array; (ii) the width dimension of 
each cylindrical lenslet; (iii) the length of each lens array; (iv) the velocity thereof; and (v) the 
number of real laser illumination sources employed in each planar laser wurnination array in 
the PLIIM-based system. Parameters (1) through (iv) will factor into the specification of the 
spatial phase modulation function (SPMF) of the system. In general, if the system requires an 
increase in reduction in the RMS power of speckle-noise at its image detection array, then the 
system must generate more uncorrelated time-varying speckle-noise patterns for averaging 
over each photo-integration time period thereof. Adjustment of the above-described 
parameters should enable the designer to achieve the degree of speckle-noise power reduction 
desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I3A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, it should be noted that 
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this minimum sampling parameter threshold is expressed on the time domain, and that 
expectedly, the lower threshold for this sample number at the image detection (i.e. observation) 
end of the PLIIM-based system, for a particular degree of speckle-noise power reduction, can be 
expressed mathematically in terms of (i) the spatial gradient of the spatial phase modulated 
PLIB, and (ii) the photo-integration time period of the image detection array of the PLIIM-based 
system. 

By ensuring that these two conditions are satisfied to the best degree possible (at the 
planar laser fflumination subsystem and the camera subsystem) will ensure optimal reduction 
in speckle-noise patterns observed at the image detector of the PLIIM-based system of the 
present invention. In general, the reduction in the RMS power of observable speckle-noise 
patterns will be proportional to the square root of the number of statistically uncorrelated real 
and virtual illumination sources created by the speckle-noise reduction technique of the present 
invention. Figs. 1I3F and 1I3G illustrate that significant mitigation in speckle-noise patterns can 
be achieved when using the particular apparatus of Fig. 1I3A in accordance with the first 
generalized speckle-noise pattern reduction method illustrated in Figs. Ill through 1I2B. 



Apparatus Of The Present Inventio n For Micro-Oscillating A Pair Of Light Diffractive fog 
Holographic) Cylindrical Lens Arrays To Spatial Phase Modulate The Planar Laser Tllumination 



Beam Prior To Target Object Illumination 



In Fig. 1I4A, mere is shown an optical assembly 310 for use in any PLIIM-based /system 
of the present invention. As shown, the optical assembly 310 comprises a PLIA 6A, 6B with a 
pair of (holographically-fabricated) diffractive-type cylindrical lens arrays 311A and 311B, and 
an electronically-controlled PLIB micro-oscillation mechanism 312 for micro-oscillating the 
cylindrical lens arrays 311A and 311B along the planar extent of the PLIB. In accordance with 
the first generalized method, the pair of cylindrical lens arrays 311A and 311B are micro- 
oscillated, relative to each other (out of phase by 90 degrees) using two pairs of ultrasonic 
transducers 313A, 313B and 314A, 314B arranged in a push-pull configuration. The individual 
team components within the transmitted PUB 315 are micro-oscillated (i.e. moved) along the 
planar extent thereof by an amount of distance Ax or greater at a velocity v(t) which causes the 
spatial phase along the wavefront of the transmitted PUB to be spatially modulated, causing 
numerous substantially different (i.e. uncorrelated) time-varying speckle-noise patterns to be 
generated at the image detection array of the IFD Subsystem during the photo-integration time 
period thereof. The numerous time-varying speckle-noise patterns produced at the image 
detection array are temporally (and possibly spatially) averaged during the photo-integration 
time period thereof, thereby reducing the RMS power of speckle-noise patterns observed at the 
image detection array. 
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As shown in Fig. 1I4C, an array support frame 316 with a light transmission window 317 
and recesses 318A and 318B is used to mount the pair of cylindrical lens arrays 311A and 311B 
in a relative reciprocating manner, and thus permitting micro-oscillation in accordance with the 
principles of the present invention. In 1I4D, the pair of cylindrical lens arrays 311A and 311B 
are shown configured between a pair of ultrasonic transducers 313A, 313B and 314A, 314B (or 
flexural elements driven by voice-coil type devices) mounted in recesses 318A and 318B 
respectively, and operated in a push-pull mode of operation. By employing dual cylindrical lens 
arrays in this optically assembly, the transmitted PLIB 315 is spatial phase modulated in a 
continual manner during object illumination operations. By virtue of this optical assembly 
design, when one cylindrical lens array is momentarily stationary during beam direction 
reversal, the other cylindrical lens array is moving in an independent manner, thereby causing 
the transmitted PLIB to be spatial phase modulated even when the cylindrical lens array is 
reversing its direction. 

In the case of optical system of Fig. 1I4A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the^ spatial period of 
>ach) HOE cylindrical lens array; (ii) the width dimension of each HOE; (iii) the length of each 
HOE lens array; (iv) the velocity thereof; and (v) the number of real laser illumination sources 
employed in each planar laser illumination array in the PlUM-based system. Parameters (1) 
through (iv) will factor into the specification of the spatial phase modulation function (SPMF) of 
this speckle-noise reduction subsystem design. In general, if the PUIM-based system requires 
an increase in reduction in the RMS power of speckle-noise at its image detection array, then the 
system must generate more uncorrected time-varying speckle-noise patterns for time 
averaging over each photo-integration time period thereof. Adjustment of the above-described 
parameters should enable the designer to achieve the degree of speckle-noise power reduction 
desired in the application at detection array can hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I4A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image be experimentally determined 
without undue experimentation. However, for a particular degree of speckle-noise power 
reduction, it is expected that the lower threshold for this sample number at the image detection 
array can be expressed mathematically in terms of (i) the spatial gradient of the spatial phase 
modulated PUB, and (ii) the photo-integration time period of the image detection array of the 
"LflM-based system. 
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Apparatus Of The Present Invention For Micro-Oscillating A Pair Of Reflective Elements 
Relative To A Stationary Refractive Cylindrical Lens Array To Spatial Phase Modulate A Planar 
Laser Illumination Beam Prior To Target Object Illumination 

In Fig. 1I5A, there is shown an optical assembly 320 for use in any PLHM-based system 
of the present invention. As shown, the optical assembly comprises a PLIA 6A, 6B with a 
stationary (refractive-type or diffractive-type) cylindrical lens array 321, and an electronically- 
controlled micro-oscillation mechanism 322 for micro-oscillating a pair of reflective-elements 
324A and 324B along the planar extent of the PLIB, relative to a stationary refractive-type 
cylindrical lens array 321 and a stationary reflective element (i.e. mirror element) 323. In 
accordance with the first generalized method, the pair of reflective elements 324A and 324B are 
micro-oscillated relative to each other (at 90 degrees out of phase) using two pairs of ultrasonic 
transducers 325A, 325B and 326A, 326B arranged in a push-pull configuration. The transmitted 
PLIB is micro-oscillated (i.e. move) along the planar extent thereof (i) by an amount of distance 
Ax or greater at a velocity v(t) which causes the spatial phase along the wavefront of the 
transmitted PLIB to be modulated and numerous substantially different time-varying speckle- 
noise patterns generated at the image detection array of the IFD Subsystem dxiring ftie photo- 
integration time period thereof. The numerous time-varying speckle-noise patterns are 
temporally and possibly spatially averaged during the photo-integration time period thereof, 
thereby reducing the RMS power of the speckle-noise patterns observed at the image detection 
array. 

As shown in Fig. 1I5B, a planar mirror 323 reflects the PLIB components towards a pair 
of reflective elements 324A and 324B which are pivotally connected to a common point 327 on 
support post 328. These reflective elements 324A and 324B are reciprocated and micro-oscillate 
the incident PLIB components along the planar extent thereof in accordance with the principles 
of the present invention. These micro-oscillated PLIB components are transmitted through a 
cylindrical lens array so that they are optically combined and numerous phase-delayed PUB 
components are projected onto the same points on the surface of the object being illuminated. 
As shown in Fig. 1I5D, the pair of reflective elements 324A and 324B are configured between 
two pairs of ultrasonic transducers 325A, 325B and 326A, 326B (or flexural elements driven by 
voice-coil type devices) supported on posts 330A, 330B operated in a push-pull mode of 
operation. By employing dual reflective elements in this optical assembly / the transmitted PUB 
331 is spatial phase modulated in a continual manner during object illumination operations. By 
virtue of this optical assembly design, when one reflective element is momentarily stationary 
while reversing its direction, the other reflective element is moving in an independent manner, 
thereby causing the transmitted PLIB 331 to be continually spatial phase modulated. 
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In the case of optical system of Fig. 1I5A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial period of the 
cylindrical lens array; (ii) the width dimension of each cylindrical lenslet; (iii) the length of each 
HOE lens array; (iv) the length and angular velocity of the reflector elements; and (v) the 
number of real laser illumination sources employed in each planar laser illumination array in 
the PLIIM-based system. Parameters (1) through (iv) will factor into the specification of the 
spatial phase modulation function (SPMF) of this speckle-noise reduction subsystem design. In 
general, if the system requires an increase in reduction in the RMS power of speckle-noise at its 
image detection array, then the system must generate more uncorrelated time-varying speckle- 
noise patterns for averaging over each photo-integration time period thereof. Adjustment of the 
above-described parameters should enable the designer to achieve the degree of speckle-noise 
power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I5A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial phase modulated PUB, and (ii) the photo-integration time period of the 
image detection array of the PLIIM-based system. 

Apparatus Of The Present Invention For Micro-Oscillating The Planar Laser Hlumination Beam 



(PLIB) Using An Acoustic-Optic Mod ulator To Spatial Phase Modulate Said PLIB Prior To 



Tar get Object Illumination 



In Fig. 1I6A, mere is shown an optical assembly 340 for use in any PLIIM-based system 
of the present invention. As shown, the optical assembly 340 comprises a PUA 6A, 6B with a 
cylindrical lens array 341, and an acousto-optical (i.e. Bragg Cell) beam deflection mechanism 
343 for micro-oscillating the PLIB 343 prior to ffluaninating the target object. In accordance with 
the first generalized method, the PLIB 344 is micro-oscillated by an acousto-optical (i.e. Bragg 
Cell) beam deflection device 345 as acoustical waves (signals) 346 propagate through the 
electro-acoustical device transverse to the direction of transmission of the PLIB 344. This causes 
the beam components of the composite PLIB 344 to be micro-oscillated (i.e. moved) the along 
the planar extent thereof by an amount of distance Ax or greater at a velocity v(t). Such a 
micro-oscillation movement causes the spatial phase along the wavefront of the transmitted 
•LIB to be modulated and numerous substantially different time-varying speckle-noise patterns 
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generated at the image detection array during the photo-integration time period thereof. The 



at the image detection array during each the photo-integration time period thereof. As shown, 
the acousto-optical beam deflective panel 345 is driven by control signals supplied by electrical 
circuitry under the control of camera control computer 22. 

In the illustrative embodiment, beam deflection panel 345 is made from an ultrasonic 
cell comprising: a pair of spaced-apart optically transparent panels 346A and 346B, containing 
an optically transparent, ultrasonic-wave carrying fluid, e.g. toluene (i.e. CH 3 C 6 H 5 ) 348; a pair 
of end panels 348A and 348B cemented to the side and end panels to contain the ultrasonic 
wave carrying fluid 348 within the cell structure formed thereby; an array of piezoelectric 
transducers 349 mounted through end wall 349A; and an ultrasonic-wave dampening material 
350 disposed at the opposing end wall panel 349B, on the inside of the cell, to avoid reflections 
of the ultrasonic wave at the end of the cell. Electronic drive circuitry is provided for generating 
electrical drive signals for the acoustical wave cell 345 under the control of the camera control 
computer 22. In the illustrative embodiment, these electrical drives signals are provided to the 
piezoelectric transducers 349 and result in the generation of an ultrasonic wave that propagates 
at a phase velocity through the cell structure, from one end to the other. This causes a 
modulation of the refractive index of the ultrasonic wave carrying fluid 348, and thus a 
modulation of the spatial phase along the wavefront of the transmitted PLIB, thereby causing 
the same Jo be periodically swept across the cylindrical lens array 341. The micro-oscillated 
PLIB components are optically combined as they are transmitted through the cylindrical lens 
array 341 and numerous phase-delayed PLIB components are projected onto the same points of 
the surface of the object being illuminated. After reflecting from the object and being 
modulated by the micro-structure thereof, the received PLIB produces numerous substantially 
different time-varying speckle-noise patterns on the image detection array of the PLHM-based 
system during the photo-integration time period thereof. These time-varying speckle-noise 
patterns are temporally and spatially averaged at the image detection array, thereby reducing 
the power of speckle-noise patterns observable at the image detection array. 

In the case of optical system of Fig. 1I6A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial frequency of 
the cylindrical lens array; (ii) the width dimension of each lenslet; (iii) the temporal and velocity 
characteristics of the acoustical wave 348 propagating through the acousto-optical cell structure 
345; (iv) the optical density characteristics of the ultrasonic wave carrying fluid 348; and (v) the 
number of real laser illumination sources employed in each planar laser illumination array in 
the PLHM-based system. Parameters (1) through (iv) will factor into the specification of the 



numerous time-varying speckle-noise patterns are temporally and possibly spatially averaged 
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spatial phase modulation function (SPMF) of this speckle-noise reduction subsystem design. In 
general, if the system requires an increase in reduction in the RMS power of speckle-noise at its 
image detection array, then the system must generate more uncorrelated time-varying speckle- 
noise patterns for averaging over each photo-integration time period thereof. 

One can expect an increase the number of substantially different speckle-noise patterns 
produced during the photo-integration time period of the image detection array by either: (i) 
increasing the spatial period of each cylindrical lens array; (ii) the temporal period and rate of 
repetition of the acoustical waveform propagating along the cell structure 345; and /or (iii) 
increasing the relative velocity between the stationary cylindrical lens array and the PUB 
transmitted therethrough during object illumination operations, by increasing the velocity of 
the acoustical wave propagating through the acousto-optical cell 345. Increasing either of these 
parameters should have the effect of increasing the spatial gradient of the spatial phase 
modulation function (SPMF) of the optical assembly, e.g. by causing steeper transitions in phase 
delay along the wavefront of the composite PLIB, as it is transmitted through cylindrical lens 
array 341 in response to the propagation of the acoustical wave along the cell structure 345. 
.Expectedly, this should generate more components with greater magnitude values on the 
spatial-frequency domain of the system, thereby producing more independent virtual spatially- 
incoherent illumination sources in the system. This should tend to reduce the RMS power of 
speckle-noise patterns observed at the image detection array. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I6A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this " sample 
number" at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial phase modulated PLIB and/or the time derivative of the phase 
modulated PLIB, and (ii) the photo-integration time period of the image detection array of the 
PLHM-based system. 

Apparatus Of The Present Invention For Micro-Oscillating The Planar Laser Illumin ation Beam 



(PLIB) Using A Piezo-Electric Driven Deformable Mirror Structure To Spatial Phase Modulate 



Said PUB Prior To Target Object Illumination 



In Fig. 1I7A, there is shown an optical assembly 360 for use in any PLHM-based system 
of the present invention. As shown, the optical assembly 360 comprises a PLIA 6A, 6B with a 
cylindrical lens array 361 (supported within a frame 362), and an electro-mechanical PUB 
micro-oscillation mechanism 363 for micro-oscillating the PLIB prior to transmission to the 
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target object to be illuminated. In accordance with the first generalize method, the PUB 
components produced by PLIA 6A, 6B are reflected off a piezo-electrically driven deformable 
mirror (DM) structure 364 arranged in front of the PLIA, while being micro-oscillated along the 
planar extent of the PUBs. These micro-oscillated PLIB components are reflected back towards 
a stationary beam folding mirror 365 mounted (above the optical path of the PUB components) 
by support posts 366A, 366B and 366C, reflected thereoff and transmitted through cylindrical 
lens array 361 (e.g. operating according to refractive, diffractive and /or reflective principles). 
These micro-oscillated PLIB components are optically combined by the cylindrical lens array so 
that numerous phase-delayed PLIB components are projected onto the same points on the 
surface of the object being illuminated. During PUB transmission, in the case of an illustrative 
embodiment involving a high-speed tunnel scanning system, the surface of the DM structure 
364 (Ax) is periodically deformed at frequencies in the 100kHz range and at few microns 
amplitude, to produce moving ripples aligned along the direction that is perpendicular to 
planar extent of the PLIB (i.e. along its beam spread). These moving ripples cause the beam 
components within the PLIB 367 to be micro-oscillated (i.e. moved) along the planar extent 
thereof by an amount of distance Ax or greater at a velocity v(t) which modules the spatial 
phase among the wavefront of the transmitted PLIB and produces numerous substantially 
different time-varying speckle-noise patterns at the image detection array during the photo- 
integration time period thereof. These numerous substantially different time-varying speckle- 
noise patterns are temporally and possibly spatially averaged during each photo-integration 
time period of the image detection array. Fig. 1I7A shows the optical path which the PUB 
travels while undergoing spatial phase modulation by the piezo-electrically driven DM 
structure 364 during target object illumination operations. 

In the case of optical system of Fig. 1I7A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial period of the 
cylindrical lens array; (ii) the width dimension of each lenslet; (iii) the temporal and velocity 
characteristics of the surface deformations produced along the DM structure 364; and (v) the 
number of real laser illumination sources employed in each planar laser illumination array in 
the PLHM-based system. Parameters (1) through (iv) will factor into the specification of the 
spatial phase modulation function (SPMF) of this speckle-noise reduction subsystem design. 

In general, if the system requires an increase in reduction in the RMS power of speckle- 
noise at its image detection array, then the system must generate more uncorrected time- 
varying speckle-noise patterns for averaging over each photo-integration time period thereof- 
Notably, one can expect an increase the number of substantially different speckle-noise patterns 
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produced during the photo-integration time period of the image detection array by either: (i) 
increasing the spatial period of each cylindrical lens array; (ii) the spatial gradient of the surface 
deformations produced along the DM structure 364; and/or (iii) increasing the relative velocity 
between the stationary cylindrical lens array and the PLIB transmitted therethrough during 
object illumination operations, by increasing the velocity of the surface deformations along the 
DM structure 364. Increasing either of these parameters should have the effect of increasing the 
spatial gradient of the spatial phase modulation function (SPMF) of the optical assembly, 
causing steeper transitions in phase delay along the wavefront of the composite PLIB, as it is 
transmitted through cylindrical lens array in response to the propagation of the acoustical wave 
along the cell. Expectedly, this should generate more components with greater magnitude 
values on the spatial-frequency domain of the system, thereby producing more independent 
virtual spatially-incoherent illumination sources in the system. This should tend to reduce the 
RMS power of speckle-noise patterns observed at the image detection array. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I7A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this "sample 
number" at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial phase modulated PLIB and/or the time derivative of the phase 
modulated PLIB, and (ii) the photo-integration time period of the image detection array of the 
UIM-based system 



A P?! fatUS ° f Plf ! r6Sent Invention For Micro-Oscillating ThP P lanar Laser Illumination Beam 
" U f mg A Refra ctive-Type Phase-Modulation Disc T o Spatial Phase Module SaiH PT T R 
[ Prior To Target Object Illumination " 



In Fig. 1I8A, there is shown an optical assembly 370 for use in any PLHM-based system 
of the present invention. As shown, the optical assembly 370 comprises a PLIA 6A, 6B with 
cylindrical lens array 371, and an optically-based PUB micro-oscillation mechanism 372 for 
micro-oscillating the PLIB 373 transmitted towards the target object prior to illumination. In 
accordance with the first generalize method, the PLIB micro-oscillation mechanism 372 is 
realized by a refractive-type phase-modulation disc 374, rotated by an electric motor 375 under 
the control of the camera control computer 22. As shown in Figs. 1I8B and 1I8D, the PLIB form 
PLIA 6A is transmitted perpendicularly through a sector of the phase modulation disc 374, as 
shown in Fig. 1I8D. As shown in Fig. 1I8D, the disc comprises numerous sections 376, each 
having refractive indices that vary sinusoidally at different angular positions along the disc. 
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Preferably, the light transmittivity of each sector is substantially the same, as only spatial phase 
modulation is the desired light control function to be performed by this subsystem. Also, to 
ensure that the spatial phase along the wavefront of the PLIB is modulated along its planar 
extent, each PLIA 6A, 6B should be mounted relative to the phase modulation disc so that the 
sectors 376 move perpendicular to the plane of the PLIB during disc rotation. As shown in Fig. 
1I8D, this condition can be best achieved by mounting each PUA 6A, 6B as close to the outer 
edge of its phase modulation disc as possible where each phase modulating sector moves 
substantially perpendicularly to the plane of the PLIB as the disc rotates about its axis of 
rotation. 

During system operation, the refractive-type phase-modulation disc 374 is rotated about 
its axis through the composite PLIB 373 so as to modulate the spatial phase along the wavefront 
of the PLIB and produce numerous substantially different time-varying speckle-noise patterns 
at the image detection array of the IFD Subsystem during the photo-integration time period 
thereof. These numerous time-varying speckle-noise patterns are temporally and possibly 
spatially averaged during each photo-integration time period of the image detection array. As 
shown in Fig. 1I8E, the electric field components produced from the rotating refractive disc 
sections 371 and its neighboring cylindrical lenslet 371 are optically combined by the cylindrical 
lens array and projected onto the same points on the surface of the object being illuminated, 
thereby contributing to the resultant time-varying (uncorrected) electric field intensity 
produced at each detector element in the image detection array of the IFD Subsystem/ 

In the case of optical system of Fig. 1I8A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial period of the 
cylindrical lens array; (ii) the width dimension of each lenslet; (iii) the length of the lens array in 
relation to the radius of the phase modulation disc 374; (iv) the tangential velocity of the phase 
modulation elements passing through the PLIB; and (v) the number of real laser illumination 
sources employed in each planar laser Ulumination array in the PLHM-based system- 
Parameters (1) through (iv) will factor into the specification of the spatial phase modulation 
function (SPMF) of this speckle-noise reduction subsystem design. In general, if the system 
requires an increase in reduction in the RMS power of speckle-noise at its image detection array, 
then the system must generate more uncorrelated time-varying speckle-noise patterns for 
averaging over each photo-integration time period thereof. Adjustment of the above-described 
parameters should enable the designer to achieve the degree of speckle-noise power reduction 
desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I8A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
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generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial phase modulated PLIB, and (ii) the photo-integration time period of the 
image detection array of the PLIIM-based system. 

A pparatus Of The Present Invention For Micro-Oscillating The Planar Laser Dlumination Beam 
(PLIB) Using A Phase-Only Type LCD-Based Phase Modulation Panel To Spatial Phase 
Modulate Said PLIB Prior To Target Object Dlumination 

As shown in Figs. 1I8F and 1I8G, the general phase modulation principles embodied in 
the apparatus of Fig. 118 A can be applied in the design the optical assembly for reducing the 
RMS power of speckle-noise patterns observed at the image detection array of a PLIIM-based 
system. As shown in Figs. 1I8F and 1I8G, optical assembly 700 comprises; a backlit 
transmissive-type phase-only LCD (PO-LCD) phase modulation panel 701 mounted slightly 
beyond a PLIA 6 A, 6B to intersect the composite PLIB 702; and a cylindrical lens array 703 
supported in frame 704 and mounted closely to, or against phase modulation panel 701. The 
phase modulation panel 701 comprises an array of vertically arranged phase modulating 
elements or strips 705, each made from birefrigent liquid crystal material. In the illustrative 
embodiment, phase mpdulation panel 701 is constructed from a conventional backlit 
transmission-type LCD panel. Under the control of camera control computer 22, programmed 
drive voltage circuitry 706 supplies a set of phase control voltages to the array 705 so as to 
controllably vary the drive voltage applied across the pixels associated with each predefined 
phase modulating element 705. Each phase modulating element 705 is assigned a particular 
phase coding so that periodic or random micro-shifting of PLIB 708 is achieved along its planar 
extent prior to transmission through cylindrical lens array 703. During system operation, the 
phase-modulation panel 701 is driven by applying control voltages across each element 705 so 
as to modulate the spatial phase along the wavefront of the PLIB, to cause each PLIB 
component to micro-oscillate as it is transmitted therethrough. These micro-oscillated PUB 
components are then transmitted through cylindrical lens array so that they are optically 
combined and numerous phase-delayed PLIB components are projected 703 onto the same 
points of the surface of the object being illuminated. This illumination process results in 
producing numerous substantially different time-varying speckle-noise patterns at the image 
detection array (of the accompanying IFD subsystem) during the photo-integration time period 
thereof. These time-varying speckle-noise patterns are temporally and possibly spatially 
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averaged thereover, thereby reducing the RMS power of speckle-noise patterns observed at the 
image detection array. 

In the case of optical system of Fig. 1I8F, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial period of the 
cylindrical lens array 703; (ii) the width dimension of each lenslet thereof; (iii) the length of the 
lens array in relation to the radius of the phase modulation panel 701; (iv) the speed at which 
the birefringence of each modulation element 705 is electrically switched during the photo- 
integration time period of the image detection array; and (v) the number of real laser 
illumination sources employed in each planar laser illumination array (PLIA) in the PLIIM- 
based system. Parameters (1) through (iv) will factor into the specification of the spatial phase 
modulation function (SPMF) of this speckle-noise reduction subsystem design. In general, if the 
system requires an increase in reduction in the RMS power of speckle-noise at its image 
detection array, then the system must generate more uncorrected time-varying speckle-noise 
patterns for averaging over each photo-integration time period thereof. Adjustment of the 
above-described parameters should enable the designer to achieve the degree of speckle-noise 
power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I8F, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial phase modulated PLIB, and (ii) the photo-integration time period of the 
image detection array of the PLUM-based system. 

Apparatus Of The Present Invention For Micro-Oscillating The Planar Laser Illumination Beam 



(PLIB) Using A Refractive-Type Cylindrical Lens Array Ring Structure To Spatial Phase 



Modulate Said PLIB Prior To Target Object Illumination 



In Fig. 119 A, there is shown a pair of optical assemblies 380A and 380B for use in any 
PLIIM-based system of the present invention. As shown, each optical assembly 380 comprises a 
PLIA 6A, 6B with a PLIB phase-modulation mechanism 381 realized by a refractive-type 
cylindrical lens array ring structure 382 for micro-oscillating the PLIB prior to illuminating the 
target object. The lens array ring structure 382 can be made from a lenticular screen material 
having cylindrical lens elements (CLEs) or cylindrical lenslets arranged with a high spatial 
period (e.g. 64 CLEs per inch). The lenticular screen material can be carefully heated to soften 
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the material so that it may be configured into a ring geometry, and securely held at its bottom 
end within a groove formed within support ring 382, as shown in Fig. 1I9B. In accordance with 
the first generalized method, the refractive-type cylindrical lens array ring structure 382 is 
rotated by a high-speed electric motor 384 about its axis through the PLIB 383 produced by the 
PLIA 6A, 6B. The function of the rotating cylindrical lens array ring structure 382 is to module 
the phase along the wavefront of the PLIB, producing numerous phase-delayed PLIB 
components which are optically combined, which are projected onto the same points of the 
surface of the object being illuminated. This illumination process produces numerous 
substantially different time-varying speckle-noise patterns at the image detection array of the 
EFD Subsystem during the photo-integration time period thereof, so that the numerous time- 
varying speckle-noise patterns are temporally and spatially averaged during the photo- 
integration time period of the image detection array. 

As shown in Fig. 1I9B, the cylindrical lens ring structure 382 comprises a cylindrically- 
configured array of cylindrical lens 386 mounted perpendicular to the surface of an annulus 
structure 387, connected to the shaft of electric motor 384 by way of support arms 388A, 388B, 
388C and 388D. The cylindrical lenslets should face radially, outwardly, as shown in Fig. 1I9B. 
As shown in Fig. 1I9A, the PLIA 6A, 6B is stationarily mounted relative to the rotor of the motor 
384 so that the PLIB 383 produced therefrom is oriented substantially perpendicular to the axis 
of rotation of the motor, and is transmitted through each cylindrical lens element 386 in the ring 
structure 382 at an angle which is substantially perpendicular to the longitudinal axis of each 
cylindrical lens element 386. The composite PLIB 389 produced from optical assemblies 380A 
and 380B is spatially coherent-reduced and yields images having reduced speckle-noise 
patterns in accordance with the present invention. 

In the case of the optical system of Fig. 1I9A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial period of the 
cylindrical lens elements in the lens array ring structure; (ii) the width dimension of each 
cylindrical lens element; (iii) the circumference of the cylindrical lens array ring structure; (iv) 
the tangential velocity thereof at the point where the PLIB intersects the transmitted PLIB; and 
(v) the number of real laser illumination sources employed in each planar laser illumination 
array in the PUIM-based system. Parameters (1) through (iv) will factor into the specification of 
the spatial phase modulation function (SPMF) of this speckle-noise reduction subsystem design. 
In general, if the PLDM-based system requires an increase in reduction in the RMS power of 
speckle-noise at its image detection array, then the system must generate more uncorrected 
time-varying speckle-noise patterns for averaging over each photo-integration time period 
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thereof. Adjustment of the above-described parameters should enable the designer to achieve 
the degree of speckle-noise power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I9A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial phase modulated PLIB, and (ii) the photo-integration time period of the 
image detection array of the PLEM-based system. 



A I mffl I? P^P^ In . Venti ?" ft^g^Q§glMBg The Planar T^»r niu inmation Beam 
[. ? Us . mg , A Piffrachve-Tvpe Cylindri c al Lens Array Ring StmrhirP Tn g„ a * a l 
Modulate Said PT JB Prior To Target Obiert lllnminal^r ^ * ~ me ™W 



In Fig. 1I10A, there is shown a pair of optical assemblies 390A and 390B for use in any 
PLflM-based system of the present invention. As shown, each optical assembly 390 comprises 
a PLIA 6A, 6B with a PLIB phase-modulation mechanism 391 realized by a diffractive (i.e. 
holographic) type cylindrical lens array ring structure 392 for micro-oscillating the PLIB 393 
prior to illuminating the target object. The lens array ring structure 392 can be made from a strip 
of holographic recording material 392A which has cylindrical lenses elements holographically 
recorded therein using conventional holographic recording techniques. This holographically 
recorded strip 392A is sandwiched between an inner and outer set of glass cylinders 392B and 
392C, and sealed off from air or moisture on its top and bottom edges using a glass sealant. The 
holographically recorded cylindrical lens elements (CLEs) are arranged about the ring structure 
with a high spatial period (e.g. 64 CLEs per inch). HDE construction techniques disclosed in 
copending U.S. Application No. 09/071,512, incorporated herein by reference, can be used to 
manufacture the HDE ring structure 312. The ring structure 392 is securely held at its bottom 
end within a groove formed within annulus support structure 397, as shown in Fig. 1I10B. As 
shown therein, the cylindrical lens ring structure 392 is mounted perpendicular to the surface of 
an annulus structure 397, connected to the shaft of electric motor 394 by way of support arms 
398A, 398B, 398C, and 398D. As shown in Fig. 1I10A, the PLIA 6A, 6B is stationarily mounted 
relative to the rotor of the motor 394 so that the PLIB 393 produced therefrom is oriented 
substantially perpendicular to the axis of rotation of the motor 394, and is transmitted through 
each holographically-recorded cylindrical lens element (HDE) 396 in the ring structure 392 at 
an angle which is substantially perpendicular to the longitudinal axis of each cylindrical lens 
element 396. 
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In accordance with the first generalized method, the cylindrical lens array ring structure 
392 is rotated by a high-speed electric motor 394 about its axis as the composite PUB is 
transmitted from the PLIA 6A through the rotating cylindrical lens array ring structure. During 
the transmission process, the phase along the wavefront of the PLIB is spatial phase modulated. 
The function of the rotating cylindrical lens array ring structure 392 is to module the phase 
along the wavefront of the PLIB producing spatial phase modulated PLIB components which 
are optically combined and projected onto the same points of the surface of the object being 
illuminated. This illumination process produces numerous substantially different time-varying 
speckle-noise patterns at the image detection array of the IFD Subsystem during the photo- 
integration time period thereof. These time-varying speckle-noise patterns are temporally and 
spatially averaged at the image detector during each photo-integration time, thereby reducing 
the RMS power of speckle-noise patterns observed at the image detection array. 

In the case of optical system of Fig. 1I10A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial period of the 
cylindrical lens elements in the lens array ring structure; (ii) the width dimension of each 
cylindrical lens element; (iii) the circumference of the cylindrical lens array ring structure; (iv) 
the tangential velocity thereof at the point where the PLIB intersects the transmitted PLIB; and 
(v) the number of real laser illumination sources employed in each planar laser illumination 
array in the PLHM-based system. Parameters (1> through (iv) will factor into the specification of 
the spatial phase modulation function (SPMF) of this speckle-noise reduction subsystem design. 
In general, if the PLHM-based system requires an increase in reduction in the RMS power of 
speckle-noise at its image detection array, then the system must generate more uncorrelated 
time-varying speckle-noise patterns for averaging over each photo-integration time period 
thereof. Adjustment of the above-described parameters should enable the designer to achieve 
the degree of speckle-noise power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 119 A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial phase modulated PLIB, and (ii) the photo-integration time period of the 
image detection array of the PLEM-based system. 
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Apparatus Of The Present Invention F or Micro-Oscillating The Planar Laser Illumination Bp*™ 



(PLIB) Using A Reflective-Tvpe Phas e Modulation Disc Structure To Spatial Phase Modulate 



Said PLIB Prior To Target Object Illumination 



In Figs. 1I11A through 1I11C, there is shown a PLIIM-based system 400 embodying a 
pair of optical assemblies 401 A and 401 B, each comprising a reflective-type phase-modulation 
mechanism 402 mounted between a pair of PLIAs 6A1 and 6A2, and towards which the PLIAs 
6B1 and 6B2 direct a pair of composite PLIBs 402A and 402B. In accordance with the first 
generalized method, the phase-modulation mechanism 402 comprises a reflective-type PUB 
phase-modulation disc structure 404 having a cylindrical surface 405 with randomly or 
periodically distributed relief (or recessed) surface discontinuities that function as "spatial 
phase modulation elements". The phase modulation disc 404 is rotated by a high-speed electric 
motor 407 about its axis so that, prior to illumination of the target object, each PLIB 402A and 
402B is reflected off the phase modulation surface of the disc 404 as a composite PLIB 409 (i.e. in 
a direction of coplanar alignment with the field of view (FOV) of the IFD subsystem), spatial 
phase modulates the PLIB and causing the PLIB 409 to be micro-oscillated along its planar 
extent The function of each rotating phase-modulation disc 404 is to module the phase along 
the wavefront of the PLIB, producing numerous phase-delayed PLIB components which are 
optically combined and projected onto the same points of the surface of the object being 
illuminated. This produces numerous substantially different time-varying speckle-noise 
patterns at the image detection array during each photo-integration time period (i.e. interval) 
thereof. The time-varying speckle-noise patterns are temporally and spatially averaged at the 
image detection array during the photo-integration time period thereof, thereby reducing the 
RMS power of the speckle-noise patterns observe at the image detection array. As shown in 
Fig. HUB, the reflective phase-modulation disc 404, while spatially-modulating the PLIB, does 
not effect the coplanar relationship maintained between the transmitted PLIB 409 and the field 
of view (FOV) of the IFD Subsystem. 

In the case of optical system of Fig. 1111 A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial period of the 
spatial phase modulating elements arranged on the surface 405 of each disc structure 404; (ii) 
the width dimension of each spatial phase modulating element on surface 405; (iii) the 
circumference of the disc structure 404; (iv) the tangential velocity on surface 405 at which the 
'LIB reflects thereoff; and (v) the number of real laser illumination sources employed in each 
planar laser illumination array in the PLIIM-based system. Parameters (1) through (iv) will 
factor into the specification of the spatial phase modulation function (SPMF) of this speckle- 
noise reduction subsystem design. In general, if the PLIIM-based system requires an increase in 



-196- 



Attorney Case Nc^^ 127USA000 

reduction in the RMS power of speckle-noise at its image detection array, then the system must 
generate more uncorrected time-varying speckle-noise patterns for averaging over each photo- 
integration time period thereof. Adjustment of the above-described parameters should enable 
the designer to achieve the degree of speckle-noise power reduction desired in the application 
at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1111 A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial phase modulated PLIB, and (ii) the photo-integration time period of the 
image detection array of the PLHM-based system. 

Apparatu s Of The Present Invention For Producing A Micro-Oscillating Planar Laser 
Illumination (PUB) Using A Rotating P olygon Lens Structure Which Spatial Phase Modulates 
Said PLIB Prior To Target Object Illumination 

In Fig. 1I12A, there is shown an optical assembly 417 for use in any PLHM-based system 
of the present invention. As shown, the optical assembly 417 comprises a PLIA 6A', 6B' and 
stationary cylindrical lens array 341 maintained within frame 342, wherein each planar laser 
illumination module (PLIM) 11 ' employed therein includes an integrated phase-modulation 
mechanism. In accordance with the first generalized method, the PLIB micro-oscillation 
mechanism is realized by a multi-faceted (refractive-type) polygon lens structure 16' having an 
array of cylindrical lens surfaces 16A' symmetrically arranged about its circumference. As 
shown in Fig. 1I12C, each cylindrical lens surface 16A' is diametrically opposed from another 
cylindrical lens surface arranged about the polygon lens structure so that as a focused laser 
team is provided as input on one cylindrical lens surface, a planarized laser beam exits another 
(different) cylindrical lens surface diametrically opposed to the input cylindrical lens surface. 

As shown in Fig. 1I12B, the multi-faceted polygon lens structure 16' employed in each 
PUM 11' is rotatably supported within housing 418A (comprising housing halves 418A1 and 
418A2). A pair of sealed upper and lower ball bearing sets 418B1 and 418B2 are mounted 
within the upper and lower end portions of the polygon lens structure 16' and slidably secured 
within upper and lower raceways 418C1 and 418C2 formed in housing halves 418A1 and 
418A2, respectively. As shown, housing half 418A1 has an input light transmission aperture 
418D1 for passage of the focused laser beam from the VLD, whereas housing half 418A2 has an 
elongated output light transmission aperture 418D2 for passage of a component PLIB. As 
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shown, the polygon lens structure 16' is rotatably supported within the housing when housing 
halves 418A1 and 418A2 are brought physically together and interconnected by screws, 
ultrasonic welding, or other suitable fastening techniques. 

As shown in Fig. 1I12C, a gear element 418E is fixed attached to the upper portion of 
each polygon lens structure 16' in the PLIA. Also, as shown in Fig. 1I12D, each neighboring 
gear element is intermeshed and one of these gear elements is directly driven by an electric 
motor 418H so that the plurality of polygon lens structures 16' are simultaneously rotated and 
a plurality of component PLIBs 419A are generated from their respective PLIMs during 
operation of the speckle-pattern noise reduction assembly 417, and a composite PLIB 418B is 
produced from cylindrical lens array 341. 

In accordance with the first generalized method of speckle-pattern noise reduction, each 
polygon lens structure is rotated about its axis during system operation. During system 
operation, each polygon lens structure 16' is rotated about its axis, and the composite PUB 
transmitted from the PLIA 6 A', 6B' is spatial phase modulated along the planar extent thereof, 
producing numerous phase-delayed PLIB components. The function of the cylindrical lens 
array 341 is to optically combine these numerous phase-delayed PUB components and project 
the same onto the points of the object being illuminated. This causes the phase along the 
wavefront of the transmitted PLIB to be modulated and numerous substantially different time- 
varying speckle-noise patterns produced at the image detection array of the IFD Subsystem 
during the photo-integration time period thereof. The numerous time-varying speckle-noise 
patterns produced at the image detection array are temporally and spatially averaged during 
the photo-integration time period thereof, thereby reducing the RMS power of speckle-noise 
patterns observed at the image detection array. 

In the case of optical system of Fig. 1I12A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial period of the 
cylindrical lens surfaces; (ii) the width dimension of each cylindrical lens surface; (iii) the 
circumference of the polygon lens structure; (iv) the tangential velocity of the cylindrical lens 
surfaces through which focused laser beam are transmitted; and (v) the number of real laser 
illumination sources employed in each planar laser illumination array (PLIA) in the PLIIM- 
based system. Parameters (1) through (iv) will factor into the specification of the spatial phase 
modulation function (SPMF) of this speckle-noise reduction subsystem design. In general, if the 
system requires an increase in reduction in the RMS power of speckle-noise at its image 
detection array, then the system must generate more uncorrected time-varying speckle-noise 
patterns for averaging over each photo-integration time period thereof. Adjustment of the 
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above-described parameters should enable the designer to achieve the degree of speckle-noise 
power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I12A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial phase modulated PUB, and (ii) the photo-integration time period of the 
image detection array of the PLEM-based system. 




Referrin S t0 Fi S s - 1113 tooxxfr 1I15F, the second generalized method of speckle-noise 
pattern reduction and particular forms of apparatus therefor will be described. This generalized 
method is based on the principle of temporal intensity modulating the "transmitted" planar 
laser Ulumination beam (PUB) prior to illuminating a target object (e.g. package) therewith so 
that the object is illuminated with a temporally coherent-reduced planar laser beam and, as a 
result, numerous substantially different time-varying speckle-noise patterns are produced and 
detected over the photo-integration time period of the image detection array (in the IFD 
subsystem). These speckle-noise patterns are temporally averaged and/or spatially averaged 
and the observable speckle-noise patterns reduced. This method can be practiced with any of 
the PLIIM-based systems of the present invention disclosed herein, as well as any system 
constructed in accordance with the general principles of the present invention. 

As illustrated at Block A in Fig. 1I13B, the first step of the second generalized method 
shown in Figs. 1113 through 1I13A involves modulating the temporal intensity of the 
transmitted planar laser illumination beam (PUB) along the planar extent thereof according to a 
(random or periodic) temporal-intensity modulation function (TIMF) prior to wumination of 
the target object with the PUB. This causes numerous substantially different time-varying 
speckle-noise patterns to be produced at the image detection array during the photo-integration 
time period thereof. As indicated at Block B in Fig. 1I13B, the second step of the method 
involves temporally and spatially averaging the numerous time-varying speckle-noise patterns 
detected during each photo-integration time period of the image detection array in the IFD 
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Subsystem, thereby reducing the RMS power of the speckle-noise patterns observed at the 
image detection array. 

When using the second generalized method, the target object is repeatedly illuminated 
with planes of laser light apparently originating at different moments in time (i.e. from different 
virtual illumination sources) over the photo-integration period of each detector element in the 
image detection array of the PLIIM-based system. As the relative phase delays between these 
virtual iUumination sources are changing over the photo-integration time period of each image 
detection element, these virtual illumination sources are effectively rendered temporally 
incoherent (or temporally coherent-reduced) with respect to each other. On a time-average 
basis, virtual illumination sources produce these time-varying speckle-noise patterns which are 
temporally and spatially averaged during the photo-integration time period of the image 
detection elements, thereby reducing the RMS power of the observed speckle-noise patterns. 
As speckle-noise patterns are roughly uncorrected at the image detector, the reduction in 
speckle noise amplitude should be proportional to the square root of the number of 
independent real and virtual laser illumination sources contributing to the illumination of the 
target object and formation of the image frames thereof. As a result of the method of the 
present invention, image-based bar code symbol decoders and/or OCR processors operating on 
such digital images can be processed with significant reductions in error. 

The second generalized method above can be explained in terms of Fourier Transform 
optics. When temporally modulating the transmitted PLIB by a periodic or random temporal 
intensity modulation (TIMF) function, while satisfying conditions (i) and (ii) above, a temporal 
intensity modulation process occurs on the time domain. This temporal intensity modulation 
process is equivalent to mathematically multiplying the transmitted PLIB by the temporal 
intensity modulation function. This multiplication process on the time domain is equivalent on 
the time-frequency domain to the convolution of the Fourier Transform of the temporal 
intensity modulation function with the Fourier Transform of the transmitted PLIB. On the time- 
frequency domain, this convolution process generates temporally-incoherent (i.e. statisticaUy- 
uncorrelated) spectral components which are permitted to spatially-overlap at each detection 
element of the image detection array (i.e. on the spatial domain) and produce time-varying 
speckle-noise patterns which are temporally and spatially averaged during the photo- 
integration time period of each detector element, to reduce the RMS power of speckle-noise 
patterns observed at the image detection array. 

In general, various types of temporal intensity modulation techniques can be used to 
carry out the first generalized method including, for example: mode-locked laser diodes 
(MLLDs) employed in the planar laser illumination array; electro-optical temporal intensity 
modulators disposed along the optical path of the composite planar laser iUumination beam; 
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internal and external type laser beam frequency modulation (FM) devices; internal and external 
laser beam amplitude modulation (AM) devices; etc. Several of these temporal intensity 
modulation mechanisms will be described in detail below. 

Electro-Optical Apparatus Of The Present Invention For Temporal Intensity Modulating The 
Planar Laser Illumination (PLIB) Beam Prior To Target Object Illumination Employing High- 
Speed Beam Gating /Shutter Principles 

In Figs. 1I14A through 1I14B, there is shown an optical assembly 420 for use in any 
PLHM-based system of the present invention. As shown, the optical assembly 420 comprises a 
PLIA 6A, 6B with a refractive-type cylindrical lens array 421 (e.g. operating according to , 
refractive, diffractive and/or reflective principles) supported in frame 822, and an electrically- 
active temporal intensity modulation panel 423 (e.g. high-speed electro-optical gating/ shutter 
device) arranged in front of the cylindrical lens array 421. Electronic driver circuitry 424 is 
provided to drive the temporal intensity modulation panel 43 .under the control of camera 
control computer 22. In the illustrative embodiment, electronic driver circuitry 424 can be 
programmed to produce an output PLIB 425 consisting of a periodic light pulse train, wherein 
each light pulse has an ultra-short time duration and a rate of repetition (i.e temporal 
characteristics) which generate spectral harmonics (i.e. components) on the time-frequency 
domain. These spectral harmonics, when optically combined by cylindrical lens array 421, and 
projected onto a target object, illuminate the same points on the surface thereof, and 
reflect/scatter therefrom, resulting in the generation of numerous time-varying speckle-patterns 
at the image detection array during each photo-integration time period thereof in the PLUM- 
based system. 

During system operation, the PLIB 424 is temporal intensity modulated according to a 
(random or periodic) temporal-intensity modulation (e.g. windowing) function (TIMF) so that 
numerous substantially different time-varying speckle-noise patterns are produced at the image 
detection array during the photo-integration time period thereof. The time-varying speckle- 
noise patterns detected at the image detection array are temporally and spatially averaged 
during each photo-integration time period thereof, thus reducing the RMS power of the speckle- 
noise patterns observed at the image detection array. 

In the case of optical system of Fig. 1I14A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated during each 
photo-integration time period: (i) the time duration of each light pulse in the output PLIB 425; 
(ii) the rate of repetition of the light pulses in the output PLIB; and (iii) the number of real laser 
illumination sources employed in each planar laser illumination array in the PLHM-based 
system. Parameters (i) and (ii) will factor into the specification of the temporal intensity 
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modulation function (TIMF) of this speckle-noise reduction subsystem design. In general, if the 
PLIIM-based system requires an increase in reduction in the RMS power of speckle-noise at its 
image detection array, then the system must generate more uncorrelated time-varying speckle- 
noise patterns for averaging over each photo-integration time period thereof. Adjustment of the 
above-described parameters should enable the designer to achieve the degree of speckle-noise 
power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I14A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematically in terms of (i) the 
temporal derivative of the temporal intensity modulated PLIB, and (ii) the photo-integration 
time period of the image detection array of the PLIIM-based system. 

_ Electro-Optical Apparatus Of The Present Invention For Temporal Intensity Modulating The 
Planar Laser Illumination Beam (PLIB) Prior To Target Object Illumination Employing Visible 
Mode-Locked Laser Diodes (MLLDs) 

In Figs. 1I15A through 1I15B, there is shown an optical assembly 440 for use in any 
PLIIM-based system of the present invention. As shown, the optical assembly 440 comprises a 
cylindrical lens array 441 (e.g. operating according to refractive, diffractive and/or reflective 
principles), mounted in front of a PLIA 6A, 6B embodying a plurality of visible mode-locked 
visible diodes (MLLDs) 13'. In accordance with the second generalized method of the present 
invention, each visible MLLD 13' is configured and tuned to produce ultra-short pulses of light 
having a time duration and at occurring at a rate of repetition (i.e. frequency) which causes the 
transmitted PLIB 443 to be temporal-intensity modulated according to a (random or periodic) 
temporal intensity modulation function (TIMF) prior to illumination of the target object with 
the PLIB. This causes numerous substantially different time-varying speckle-noise patterns 
produced at the image detection array during the photo-integration time period thereof. These 
numerous time-varying speckle-noise patterns are temporally and spatially averaged during 
each photo-integration time period of the image detection array in the IFD Subsystem, thereby 
reducing the RMS power of the speckle-noise patterns observed at the image detection array. 

As shown in Fig. 1I15B, each MLLD 13' employed in the PLIA of Fig. 1I15A comprises: a 
multi-mode laser diode cavity 444 referred to as the active layer (e.g. InGaAsP) having a wide 
emission-bandwidth over the visible band, and suitable time-bandwidth product for the 
application at hand; a collimating lenslet 445 having a very short focal length; an active mode- 
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locker 446 (e.g. temporal-intensity modulator) operated under switched electronic control of a 
TIM controller 447; a passive-mode locker (i.e. saturable absorber) 448 for controlling the pulse- 
width of the output laser beam; and a mirror 449, affixed to the passive-mode locker 447, 
having 99% reflectivity and 1% transmittivity at the operative wavelength band of the visible 
MLLD. The multi-mode diode laser diode 13' generates (within its primary laser cavity) 
numerous modes of oscillation at different optical wavelengths within the time-bandwidth 
product of the cavity. The collimating lenslet 445 collimates the divergent laser output from the 
diode cavity 444, has a very short local length and defines the aperture of the optical system. 
The collimated output from the lenslet 445 is directed through the active mode locker 446, 
disposed at a very short distance away (e.g. 1 millimeter). The active mode locker 446 is 
typically realized as a high-speed temporal intensity modulator which is electronically-switched 
between optically transmissive and optically opaque states at a switching frequency equal to the 
frequency (f^) of the mode-locked laser beam pulses to be produced at the output of each 
MLLD. This laser beam pulse frequency f MLB is governed by the following equation: f MLB = c/ 2L, 
where c is the speed of light, and L is the total length of the MLLD, as denned in Fig. 1I15B. The 
bartially transmission mirror 449, disposed a short distance (e.g. 1 millimeter) away frottrthe 
active mode locker 446, is characterized by a reflectivity of about 99%, and a transmittance of 
about 1% at the operative wavelength band of the MLLD. The passive mode locker 448, applied 
to the interior surface of the mirror 449, is a photo-bleachable saturatable material which 
absorbs photons at the operative wavelength band. When the passive mode blocker 448 is 
totally absorbed (i.e. saturated), it automatically transmits the absorbed photons as a burst (i.e. 
pulse) of output laser light from the visible MLLD. After the burst of photons are emitted, the 
passive mode blocker 448 quickly recovers for the next photon absorption/ saturation/ release 
cycle. Notably, absorption and recovery time characteristics of the passive mode blocker 448 
controls the time duration (i.e. width) of the optical pulses produced from the visible MLLD. In 
typical high-speed package scanning applications requiring a relatively short photo-integration 
time period (e.g. 10" 4 sec), the absorption and recovery time characteristics of the passive mode 
blocker 448 can be on the order of femtoseconds. This will ensure that the composite PUB 443 
produced from the MLLD-based PLIA contains higher order spectral harmonics (i.e. 
components) with sufficient magnitude to cause a significant reduction in the temporal 
coherence of the PLIB and thus in the power-density spectrum of the speckle-noise pattern 
observed at the image detection array of the EFD Subsystem. For further details regarding the 
construction of MLLDs, reference should be made to "Diode Laser Arrays" (1994), by D. Botez 
and D.R. Scifres, supra, incorporated herein by reference. 

In the case of optical system of Fig. 1I15A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated during each 
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«»t " * dUraa ° n ° f "* " «- PUB 443 

m m"! " 8ht **" ^ "* ou,pu, tm and (iU) - - -> 

rllummation sources employed in each planar .aser illumtaaHon array in me PLUM b Z 

Il m „ Tr * and wul fac,w in, ° ,hc - i - ™S 

™ , ^ ° f "* -*-"- **»• ^ Seneral.72 

PLDM-basad system requires an increase in reduction in the RMS power of speclde-noi* a, 

■mage detect array, men me system must generate more uncorrected timlvarytog 1 Jde 

above-descnbed parameters should enable the designer to achieve the degree „ speckled 
power reduction desired in the application at hand. speckle-no.se 

For a desired reduction in speckle-noise pattern power in the system of Fie 1I15C th, 
number of substantially different time-varying speckle-noise pattern samp.es wh^nt to * 
generated per each photo-integration time interval of me image detection arraTln £ 
„aUy determined without undue alimentation. However, for a paruZde^ 

1Z P °"" " " *- ** 'ower threshol/for this san^ 

number a, ,he .mage detec« OT OT ,y can be expressed mathematical in tenns of (i, L 
tempore, denvafve of me tempore, intensity modulated PUB, and (U, L photo-integ! 1 
bmepenod of the image detection amy of the PUIM-based system 




There are other techniques fo, reducing speckfe . noise 

™2 r prod r by plias according ,o - « s °< - ~i„r r 

sha.ghtforward approach to temporal intensity modulating me PUB would be to either fl> 

k«) use an externa, optical modulator to temporal intensity module the PUB In a non-W 
ode of oration. By operating VLDs in a non-Unear manner, high order spectra. Z^Z 
•an be produced whtch, in cooperation with a cylindrical lens array, cooperate to gene^te 
—y different time-varying speckle-noise patterns during each pholmtegra " 
*r.od of the image detection array of the PUIM-based system. 

In principal, n OT -.inear amplitude mo dulati„„ (AM) techniques can be emptoyed with 
. fust approach ,1, above, whereas the non-linear AM, frequency modulation ^ I 
temporal phase moduUtion (PM, techniques can be employed with me second apprla* < 
above. The primary purpose of app.ying such non-Unear laser modulation techniques Jto 
mtroduca spectea. side-bands Into me optical spectium of the planar User OIummaL blm 
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(PLIB). The spectral harmonics in this sideband spectra arc determined by the sum and 
drfference fancies of „e opbca, carrier fluency and the modrfabon fre^ <M 
employed. If the PUB is temporal intensity modmated by a periodic ternpor^ intend 
modulanon hme-windowrng) ^ (e . g . m ^ ^ ^ ^ ^ ^ 
wmdowmg funcbon is sufficiently high< ^ ^ ^ ^ ^ 

lununated by hgh, of diff eren, optica, frequencies (i.e. uncorre,ated vim,!, ,aser munTmm 
sources, earned within pmsed-periodic PLIB. m genera,, if the deference in opbca, freouendl 

ii::u r? c r * ,arge <,e - caused by rom - ing - *»< 

Zet^ PUlSeS, h C ° mpaied » te - «» Pnoto-integranon hme period o f the 

»age detecnon array, then observed the specUe-noise pattern wbl appear ,o be washed on, 
(,e. addrbvely canceUed, by me beanng „ f fte two opbca, fieouencies a, the image detecnl 

array can add,nve,y average ,,e. cance,, ou, during the photo-integrahon bane period o, the 
mage detect™ array, the rate of ligh, p„,se repebhon in me transmitted PLIB shou,d be 
ncreased to the point where numerous ame-varying spedde-pattems are produced therea, 
£ *e ftne durabon (i.e. duty eyce, of each bght prdae h the pu.sed PUB is compose 
o m,pa« greater magnitt.de ,o me higher order spectta, harmonics comprising me periodic- 
u^PLBgeneratedbymeappbcabonofsuchnon-bnearm^abontech^oues 

In F.g 1I15C, there is shown an ophcal subsystem 760 for despedding which comprises 
plural.* of visiWe ,aser diodes (VLDs, .3 and a plummy of cyUndrica, ,ens Cement 
rranged m front of a cybndrica, .ens array 44, supported within a frame 442. Each VLD is 
ven by , digiteuy-conteolled tempora, intensity rn.du.abon (TIM) conttoUer 76, so mat me 
LIB ttansmmed from the PLIA is temporal mtensiry mod„,a,ed according t o a tempora. 
te^tby mMu,a«on funcbon (TIMF) the, is conttobed by the programmable drive.!™, 
urce. tempora, mtensiry modulation of the transmitted PUB modulates the temporal 
hase a,ong me wavefron, of me ttansmitted PUB, producing numerous substantially difrCm 
ecHe-no.se patterns a, me image detecbon array of me WD subsystem during L photc- 

Z ST *"* " *" - temporary and 

patiauy averaged during the photo-integrabon bme period of the image detecbon array thus 

educmgmeR^powerofspecMe-no^pattern.observedatb^mugedetecbonarray 

As shown in Fig. m5D , the tempora, intensity modulabon (TIM, conttoUer 75, 
mployed m opbeal subsystem 760 in Fig. „,5E. emprises: a programmabte current source for 
nvmg each VXD, which is realized by a voltage source 762, and a digi,al,y-con,r„„ab,e 
otenhometer 763 configured in series with each VXD ,3 in the PLIA; and a progra! 
rcroconttober 764 m operable communicabon with me camera control computer 22 The 
ebon of the mlcroconttoUer 764 is ,o receive bmmg/sychronization S igna,s and contto, da* 
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from the camera control computer 22 in order to precisely control the amount of current 
flowing through each VLD at each instant in time. Fig. 1I15E graphically illustrates an 
exemplary triangular current waveform which might be transmitted across the junction of each 
VLD in the PLIA of Fig. 1I15C, as the current waveform is being controlled by the 
microcontroller 764, voltage source 762 and digitally-controUable potentiometer 763 associated 
vith the VLD 13. Fig. 1I15F graphically illustrates the light intensity output from each VLD in 
he PLIA of Fig. 1I15C, generated in response to the triangular electrical current waveform 
ransmitted across the junction of the VLD. 

Notably, the current waveforms generated by the microcontroller 764 can be quite 
iiverse in character, in order to produce temporal intensity modulation functions (TIMF) which 
exhibit a spectral harmonic constitution that results in a substantial reduction in the RMS power 
of speckle-pattern noise observed at the image detection array of PLIIM-based systems. 

In accordance with the second generalized method of the present invention, each VLD 
13 is preferably driven in a non-linear manner by a time-varying electrical current produced by 
a high-speed VLD drive current modulation circuit, referred to as the TOM controller 761 in Figs 
II15C and 1I15D. In the illustrative embodiment shown in Figs._H15C -through 1I15F the 
alectrical current flowing through each VLD 13 is controlled by the digitally-controllable 
ootenhometer 763 configured in electrical series therewith, and having an electrical resistance 
ralue R programmably set under the control of microcontroller 753. Notably, microcontroller 
764 automatically responds to timing/synchronization signals and control data periodically 
deceived from the camera control computer 22 prior to the capture of each line of digital image 
*ata by the PLIIM-based system. The VLD drive current supplied to each VLD in the PUA 
effectively modulates the amplitude of the output planar laser illumination beam (PLIB) 
component. Preferably, the depth of amplitude modulation (AM) of each output PLIB 
component will be close or equal to 100% in order to increase the magnitude of the higher 
order spectral harmonics generated during the AM process. Increasing the rate of change of 
he amplitude modulation of the laser beam (i.e. its pulse repetition frequency) will result in the 
deration of higher-order spectral components in the composite PUB. Shortening the width of 
each optical pulse in the output pulse train of the transmitted PUB will increase the magnitude 
of the higher-order spectral harmonics present therein during object ulumination operations. 

In the case of optical system of Fig. 1I15C, the following parameters will 
hience the number of substantially different time-varying speckle-noise patterns generated 
luring each photo-integration time period: (i) the time duration of each light pulse in the output 
?UB 443; (ii) the rate of repetition of the light pulses in the output PLIB; and (iii) the number of 
^eal laser Ulumination sources employed in each planar laser illumination array in the PLIIM- 
based system. Parameters (i) and (ii) will factor into the specification of the temporal intensity 
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PUIM-based system requires an increase in te me ^ Qf ^ 

image de.eC.on an-ay. then the system must generate more uncorrected time-varying speck*. 
27;™ °" each photo-integration time period .hereof. Adjusting „ f Z 

above^escnbed parameters should enable me designer to achieve the degree of speckle-noise 
power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Kg 1IJ4A the 
number o, substentiaUy different ttme-varying speckle-noise pattern samptes wh.cn need tet 
generated per each photo-integration Hme interval of me image detection array can be 
expenmenteHy determined without undue experimentation. However, for a particular degree 
of speckie-noise power reduction, i, is expected that the ■ower threshold for this sarnie 
number a, the image detection array can be expressed mathem.ticaUy in terms of (i, L 
temporal derivative of the temporal intensity moduiated PUB, me p^^,^ 

Itrme penod of the image detection array of the PUIM-based system. 

Notably, both extemal-type and internal-type laser modulation devices can be used lo 
;ener,»e. higher <,rder spectra, harmonics within transmitted PLIBs. Internal-type User 
aodulauon devices, emp.oying !aser current and/or temperatute eonteo. techruques, modulate 
,e temper, density of me transmitted PUB in , non-Unear manner ,i.e. zero PUB power, „U1 
UB power) by counting me cun-en, of me VLDs producing me PUB. In contrast, extemai- 
«■ laser modulation devices, employing high-speed opticai-gating and other Ugh, eonteo, 
levices, modulate me temporal intensity of the transmitted PUB in , non-Unear manner (i e 
*ro PUB power, fuU PUB power, by directly continuing temporal intensity of iuminous power 
n me transmttted PUB. TypicaUy, such extemaMype techniques win requue additional hea, 
utagement apparatus. Cos. and spatial cons.rain<s wiU factor in which techniques ,o use in , 
>articular application. ^ 

— rd Genera lized Mpthod Of Sr. ^l-1o-KT^ 0 ^ p»tta„, j?^„^ . . „ 
Apparatus Th ^efor B^H t> p S T.. Rednrhon And P articu lar Form. CM 

Nation Techn^^^ 

Referring to Figs. m 6 through 1I17E, the third generalized method of speckle-noise 
•atterr .reduction and particular forms of apparatus therefor will be described. Hus generalized 
method ,s based on the principle of temporal phase modulating the "transmitted" planar laser 
lununation beam (PUB) prior to illuminating a target object therewith so that the object 
Jlununated with a ^temporally coherent reduced planar laser beam and, as a result, numerous 
-e-varymg (random) speckle-noise patterns are produced and detected over the phot,, 
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integration time period of the image detection array (in the IFD subsystem), thereby allowing 
these speckle-noise patterns to be temporally averaged and/or spatially averaged and the 
observable speckle-noise pattern reduced. This method can be practiced with any of the PUM 
based systems of the present invention disclosed herein, as well as any system constructed in 
accordance with the general principles of the present invention. 

As illustrated at Block A in Fig. 1I16B, the first step of the third generalized method 
shown in Figs. 1116 through 1I16A involves temporal phase modulating the transmitted PUB 
along the entire extent thereof according to a (random or periodic) temporal phase modulation 
function (TPMF) prior to illumination of the target object with the PLIB, so as to produce 
numerous substantially different time-varying speckle-noise pattern at the image detection 
array of the IFD Subsystem during the photo-integration time period thereof. As indicated at 
Block B in Fig. 1I16B, the second step of the method involves temporally and spatially averaging 
the numerous substantially different speckle-noise patterns produced at the image detection 
array during the photo-integration time period thereof, thereby reducing the RMS power of 
speckle-noise patterns observed at the image detection array. 

When using the third generalized method, the target object is repeatedly illuminated 
with laser light apparently originating from different moments (i.e. virtual illumination sources) 
m time over the photo-integration period of each detector element in the linear image detection 
array of the PUIM system, during which reflected laser illumination is received at the detector 
element. As the relative phase delays between these virtual .illumination sources are changing 
over the photo-integration time period of each image detection element, these virtual sources 
are effectively rendered temporally incoherent with each other. On a time-average basis these 
time-varying speckle-noise patterns are temporally and spatially averaged during the photo- 
mtegration time period of the image detection elements, thereby reducing the RMS power of 
speckle-noise patterns observed thereat. As speckle-noise patterns are roughly uncorrected at 
the image detection array, the reduction in speckle-noise power should be proportional to the 
square root of the number of independent virtual laser mumination sources contributing to the 
ulumination of the target object and formation of the images frame thereof. As a result of the 
present invention, image-based bar code symbol decoders and/or OCR processors operating on 
such digital images can be processed with significant reductions in error. 

The third generalized method above can be explained in terms of Fourier Transform 
optics. When temporal intensity modulating the transmitted PLIB by a periodic or random 
temporal phase modulation function (TPMF), while satisfying conditions (i) and (ii) above a 
temporal phase modulation process occurs on the temporal domain. This temporal phase 
modulation process is equivalent to mathematically multiplying the transmitted PLIB by the 
temporal phase modulation function. This multiplication process on the temporal domain is 
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equivalent on the temporal-frequency domain to the convolution of the Fourier Transform of 
the temporal phase modulation function with the Fourier Transform of the composite PUB On 
the temporal-frequency domain, this convolution process generates temporaUy-incoherent (Le 
statishcally-uncorrelated or independent) spectral components which are permitted to spatiallv- 
overlap at each detection element of the image detection array (i.e. on the spatial domain) and 
produce time-varying speckle-noise patterns which are temporally and spatially averaged 
during the photo-integration time period of each detector element, to reduce the speckle-noise 
pattern observed at the image detection array. 

In general, various types of spatial light modulation techniques can be used to carry out 
the third generalized method including, for example: an optically resonant cavity (i e etalpn 
device) affixed to external portion of each VLD; a phase-only LCD (PO-LCD) temporal intensity 
modulation panel; and fiber optical arrays. Several of these temporal phase modulation 
mechanisms will be described in detail below. 




In Figs. 1I17A through 1I17B, there is shown an optical assembly 430 for use in any 
'LHM-based system of the present invention. As shown, the optical assembly 430 comprises a 
LIA 6A, 6B with a refractive- type cylindrical lens array 431 (e.g. operating according to 
refractive, diffractive and/or reflective principles) supported within frame 432 and an 
electncally-passive temporal phase modulation device (i.e. etalon) 433 realized as an external 
optically reflective cavity) affixed to each VLD 13 of the PLIA 6A, 6B. 

The primary principle of this temporal phase modulation technique is to delay portions 
of the laser light (i.e. photons) emitted by each laser diode 13 by times longer than the inherent 
temporal coherence length of the laser diode. In this embodiment, this is achieved by employing 
photon trapping, delaying and releasing principles within an optically reflective cavity. Typical 
laser diodes have a coherence length of a few centimeters (cm). Thus, if some of the laser 
ulumination can be delayed by the time of flight of a few centimeters, then it will be incoherent 
with the original laser illumination. The electrically-passive device 433 shown in Fig. 1I17B can 
be realized by a pair of parallel, reflective surfaces (e.g. plates, films or layers) 436A and 436B 
mounted to the output of each VLD 13 in the PLIA 6A, 6B. If one surface is essentially totally 
reflective (e.g. 97% reflective) and the other about 94% reflective, then about 3% of the laser 
illummation (i.e. photons) will escape the device through the partially reflective surface of the 
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device on each round trip. The laser illumination will be delayed by the time of flight for one 
round trip between the plates. If the plates 436A and 436B are separated by a space 437 of 
several centimeters length, then this delay will be greater than the coherence time of the laser 
source. In the illustrative embodiment of Figs. 1I17A and 1I17B, the emitted light (i.e. photons) 
will make about thirty (30) trips between the plates. This has the effect of mixing thirty (30) 
photon distribution samples from the laser source, each sample residing outside the coherence 
time thereof, thus destroying or substantially reducing the temporal coherence of the laser 
beams produced from the laser illumination sources in the PLIA of the present invention A 
primary advantage of this technique is that it employs electrically-passive components which 
might be manufactured relatively inexpensively in a mass-production environment. Suitable 
components for constructing such electrically-passive temporal phase modulation devices 433 
can be obtained from various commercial vendors. 

During operation, the transmitted PUB 434 is temporal phase modulated according to a 
(random or periodic) temporal phase modulation function (TPMF) so that the phase along the 
wavefront of the PLIB is modulated and numerous substantially different time-varying speckle 
noise patterns are produced at the image detection array during the photo-integration time 
period thereof. The time-varying speckle-noise patterns detected at the image detection array 
are temporally and spatially averaged during each photo-integration time period thereof, thus 
reducing the RMS power of the speckle-noise patterns observed at the image detection array. 

In the case of optical system of Fig. 1I17A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated during each 
■photo-integration time period: (i) the spacing between reflective surfaces (e.g. plates, films or 
layers) 436A and 436B; (ii) the reflection coefficients of these reflective surfaces; and (Hi) the 
number of real laser iUumination sources employed in each planar laser illumination array in 
the PUIM-based system. Parameters (i) and (ii) will factor into the specification of the temporal 
Shase modulation function (TPMF) of this speckle-noise reduction subsystem design. In 
;eneral, if the PUIM-based system requires an increase in reduction in the RMS power of 
speckle-noise at its image detection array, then the system must generate more uncorrected 
time-varying speckle-noise patterns for averaging over each photo-integration time period 
thereof. Adjustment of the above-described parameters should enable the designer to achieve 
the degree of speckle-noise power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig. 1I17A, the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval can be experimentally determined without 
undue experimentation. However, for a particular degree of speckle-noise power reduction, it 
is expected that the lower threshold for this sample number at the image detection array can be 
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expressed mathematically in terms of (i) the time derivative of the temporal phase modulated 
PUB, and (n) the photo-integration time period of the image detection array of the PLDM-based 
system. 

, aratus Of The Present Invention Fm- Temporal PW„ Modulating Tha Pi a „ r 
1 umination Beam (PUB) iMnp a p W .qX T rn .ZJr^l T'Z^I " / rV^ ' 
Modulation Panel Prior To T»r»* Ohw, m,^.L asea (lUI,rP) Temporal Phase 



As shown in Fig. 1I17C, the general phase modulation principles embodied in the 
apparatus of Fig. 1I8A can be applied in the design the optical assembly for reducing the RMS 
power of speckle-noise patterns observed at the image detection array of a PUTM-based system 
As shown in Fig. 1I17C, optical assembly 800 comprises: a backlit transmissive-type phase-only 
LCD (PO-LCD) temporal phase modulation panel 701 mounted slightly beyond a PLIA 6A 6B 
to intersect the composite PLIB 702; and a cylindrical lens array 703 supported in frame 704 and 
mounted closely to, or against phase modulation panel 701. In the illustrative embodiment the 
phase modulation panel 701 comprises an array of vertically arranged phase modulating 
elements or strips 705, each made from birefrigent liquid crystal material which is capable of 
imparting a phase delay at each control point along the PLIB wavefront, which is greater than 
the coherence length of the VLDs using in the PLIA. Under the control of camera control 
computer 22, programmed drive voltage circuitry 706 supplies a set of phase control voltages to 
the array 705 so as to controllably vary the drive voltage applied across the pixels associated 
with each predefined phase modulating element 705. 

During system operation, the phase-modulation panel 701 is driven by applying 
substantially the same control voltage across each element 705 in the phase modulation panel 
701 so that the temporal phase along the entire wavefront of the PLIB is modulated by 
substantially the same amount of phase delay. These temporally-phase modulated PUB 
components are optically combined by the cylindrical lens array 703, and projected 703 onto the 
same pomts on the surface of the object being illuminated. This mumination process results in 
producing numerous substantially different time-varying speckle-noise patterns at the image 
detection array (of the accompanying IFD subsystem) during the photo-integration time period 
thereof. These time-varying speckle-noise patterns are temporally and possibly spatially 
averaged thereover, thereby reducing the RMS power of speckle-noise patterns observed at the 
image detection array. 

In the case of optical system of Fig. 1I17C, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated during each 
photo-integration time period: (i) the number of phase modulating elements in the array- (ii) the 
amount of temporal phase delay introduced at each control point along the wavefront; (iii) the 
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ate a, whtch fte empora. phase delay changes; and (iv, the number of ma. .aser ifiumination 
sources emp.oyed in each planar ,aser .nomination array in ft, PLIW . based " 
parameters (!) though (iv) will factor into fte spedfication of fte temporal phase modltion 
Uiion CTPMF, of ft, speck.e-no.se reduction system design, genera,, »TZZ 
^system requrres an increase in reduction in the RMS power of speckle-noise a, its image 

tr *• sys,em must ™ m ° re ™ ated 

battery for averagmg over each photo-integraHon Hme period thereof. Adjustment of the 
fbove-descnbed parameters should enable the designer to achieve fte degree of speck.e-no.se 
bower reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in fte system of Fig. 1I17C the 
•umber of substantially different time-varying speckle-noise patfern samp.es whicn need to be 
grated per each photo-integration Hme interval can be experimental* determined without 

1 However ' for 3 pMtalar degree of spKkk -^ « b 

•xpected ftatfte tower ftreshold for ftis sample number a, fte image detection array can be 
B. and (u) fte photo-mtegraftm time period of fte image deteeuon .Siy of the PUIM-based 



SilS aSSu W^ ™ n r 

'Jliffliaata 8 * H-en I fruity fiber-Opri,- Array PA„r t , Tar< ,„, f,^ - 

As shown in Figs. 1I17D and 1117B, temporal phase modulation prmciples can be 
apphed m fte design of an optica, assembly for reducing fte RMS power of speckle-noise 

U17C and 1I17C. optical assemb.y 810 comprises: a high-density fiber opfic array 811 mounted 
shghUy beyond a PUA 6A, 6B. wherein each optica, fiber e.emen, intersex a portion of a PUB 
component 8.2 (at a particular phase contro. point, and transmits , portion of the PUB 
component therealong white inteoducmg a phase delay greater man fte temporal coherence 
engft of the VLDs, bu, different than fte phase delay inteoduced a. ofter phase conteo. point,- 
knd a cyhndnca. lens array 703 characterized by a high spatial frequency, and supported in 
frame 704 and either mounted doaely to or opficajly intended with fte fiber optic array (FOA, 
ill, for fte purpose of optical* combining fte different* phase-delayed PUB subcomponents 
and meeting these optical combined components onto fte same points on fte target object to 
be Uluminated. Preferably, fte diameter of fte individual fiber opbea. e.ements in fte FOA 811 
■ sufficiently small to form a tight* packed fiber optic bundle with a rectangular form factor 
avutg a wrdth dimension about the same size as fte width of fte cylindrical lens array 703, and 
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a height dimension high enough to intercept the entire heighrwise dimension of the PLTB 
components directed incident thereto by the corresponding PLIA. Preferably, the FOA 811 will 
lave hundreds, if not thousands of phase control points at which different amounts of phase 
delay can be introduced into the PLIB. The input end of the fiber optic array can be capped 
"ith an optical lens element to optimise the collection of light rays associated with the incident 
►LIB components, and the coupling of such rays to the high-density array of optical fibers 
imbodied therewithin. Preferably, the output end of the fiber optic array is optically coupled to 
he cylindrical lens array to minimize optical losses during PLIB propagation from the FOA 
-"•ugh the cylindrical lens array. 

During system operation, the FOA 811 modulates the temporal phase along the 
avefront of the PUB by introducing (i.e. causing) different phase delays along different phase 
: ontrol points along the PUB wavefront, and these phase delays are greater than the coherence 
length of the VLDs employed in the PLIA. The cylindrical lens array optically combines 
numerous phase-delayed PLIB subcomponents and projects them onto the same points on the 
iurface of the object being illuminated, causing such points to be illuminated by a temporal 
Terence reduced PLIB. This illumination process results in producing numerous substantially 
".rent time-varying speckle-noise patterns at the image detection array (of the accompanying 
subsystem) during the photo-integration time period thereof. These time-varying speckle- 
loise patterns are temporally and possibly spatially averaged thereover, thereby reducing the 
" c power of speckle-noise patterns observed at the image detection array. , 

In the case of optical system of Fig. 1I17C, the following parameters will influence the 
Lumber of substantially different time-varying speckle-noise patterns generated at the image 
letection array during each photo-integration time period thereof: (i) the number and diameter 
>f the optical fibers employed in the FOA; (ii) the amount of phase delay introduced by fiber 
.ptical element, in comparison to the coherence length of the corresponding VLD; (iii) the 
patial period of the cylindrical lens array; (iv) the number of temporal phase control points 
long the PUB; and (v) the number of real laser illumination sources employed in each planar 
aser mumination array in the PLHM-based system. Parameters (1) through (v) will factor into 
He specification of the temporal phase modulation function (TPMF) of this speckle-noise 
•eduction subsystem design. In general, if the system requires an increase in reduction in the 
power of speckle-noise at its image detection array, then the system must generate more 
correlated time-varying speckle-noise patterns for averaging over each photo-integration 
^e period thereof. Adjustment of the above-described parameters should enable the designer 
to achieve the degree of speckle-noise power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig 1I17C the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
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generated per each photo-integration time interval of the image detection array can be 
expenmen,a,,y determined without undue experimentation. However, for a particular degr« 
of spedde-noiae power reduction, i, is expected ma, the .owe, threshold for this JL 
number a, the image detection array can be expressed mathematical* in terms „, (i) fte dL 
derivative of the temporal phase modulated PUB, and (ii, me photo-integration time period of 
the image detecHon array of the PLTJM-based system. 




Referring to Figs. ,I1 8A through 1I19C, the fourth generaUzed method of speckle-noise 
pattern reduction and pardcular forms of apparatus fherefor will b, described. This generalized 
beftod is based on me principle of temporal frequency modulating the "transmitted" planar 
aser ulununation beam (PUB, prior to Ruminating a target object .herewith so ma, the oL is 
^lununated with a tentporaUy coherent reduced p^ laser beam and, as a numerous 
hme-varymg (random, speckle-noise patterns are produced and defected over fhe photo- 
..egration time period of the image detection array (in me IFD subsystem), thereby allowing 
■ese speckle-noise patterns ,o be temporally averaged and/or spatially averaged and 2 
*servable speckle-noise pattern reduced. This method can be practiced wifh any of the PUM- 
.ased systems of me present invention disclosed herein, as well as any system constructed in 
iccordance with the general principles of the present invention. 

As mustrated a, Block A in Fig. 1MB, fhe firs, step of the four* generalized memod 
•hown m F lg , m 8 through 1I18A involves modulatmg the temporal frequency of the 
ransnutted PUB along the entire extent thereof according to a (random or periodic) temporal 
squency modulation function (TFMF) prior to illumination of the target object with the PUB 
» as to produce numerous substantial* differen. time-varying speckle-noise pattern a, the 
mage detection array of the IFD Subsystem during the photo-infegration time period thereof 
. utdtcafed a, Btock B in Fig. H.8B, me second sfep of the method involves temporaUy and 
penally averaging the numerous subsiantiaUy different speckle-noise patterns produced a, the 
mage detection array during the photo-integration time period thereof, thereby reducing the 
RMS power of speckle-noise patterns observed a, the image detection amy 

«"» ' «*» *• <-»» Seneralized method, me target object is repeatedly Uluminated 
wtth laser ugh, apparently originating from different moment (i.e. virtual Lunation sourc^ 

array of the PUIM system, durtng which reflected .aser Ulumination is received ,, the detector 
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element. As the relative phase delays between these virtual illumination sources are changing 
over the photo-integration time period of each image detection element, these virtual 
illumination sources are effectively rendered temporally incoherent with each other. On a time- 
average basis, these virtual illumination sources produce time-varying speckle-noise patterns 
which are temporally and spatially averaged during the photo-integration time period of the 
image detection elements, thereby reducing the RMS power of speckle-noise patterns observed 
thereat. As speckle-noise patterns are roughly uncorrected at the image detection array, the 
reduction in speckle-noise power should be proportional to the square root of the number of 
independent virtual laser illumination sources contributing to the Ulumination of the target 
object and formation of the images frame thereof. As a result of the present invention, image- 
based bar code symbol decoders and/or OCR processors operating on such digital images can 
be processed with significant reductions in error. 

The fourth generalized method above can be explained in terms of Fourier Transform 
optics. When temporal intensity modulating the transmitted PUB by a periodic or random 
temporal frequency modulation function (TFMF), while satisfying conditions (i) and (ii) above, 
a temporal, frequency modulation process occurs on the temporal domain. This temporal 
modulation process is equivalent to mathematically multiplying the transmitted PUB by the 
temporal frequency modulation function. This multiplication process on the temporal domain is 
equivalent on the temporal-frequency domain to the convolution of the Fourier Transform of 
the temporal frequency modulation function with the Fourier Transform of the composite PUB. 
On the temporal-frequency domain, this convolution process generates temporally-incoherent 
%e. statistically-uncorrelated or independent) spectral components which are permitted to 
spatially-overlap at each detection element of the image detection array (i.e. on the spatial 
domain) and produce time-varying speckle-noise patterns which are temporally and spatially 
averaged during the photo-integration time period of each detector element, to reduce the 
speckle-noise pattern observed at the image detection array. 

In general, various types of spatial light modulation techniques can be used to carry out 
the third generalized method including, for example: junction-current control techniques for 
periodically inducing VLDs into a mode of frequency hopping, using thermal feedback; and 
multi-mode visible laser diodes (VLDs) operated just above their lasing threshold. Several of 
these temporal frequency modulation mechanisms will be described in detail below. 



Electro-Optical Apparatus Of The Present Inventi o n For Tptt^ I Freouenrv Modulating 
Planar Laser Ilium nation Roam tvi m\ p,,„.. t„ t i .A ™ . ^" £. iV1 » uuiann g 



^I^IZ mi 2T ti T f ea ™ /P™ Pri ° r T ° °^ ' f "' Mmin^on Fmpwl 3 " 

Current Mo dulated Visible Laser Diodes (VLDs) K , Y B 



The 

Drive- 
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In Figs. 1I19A and 1I19B, there is shown an optical assembly 450 for use in any PLIIM- 
based system of the present invention. As shown, the optical assembly 450 comprises a 
stationary cylindrical lens array 451 (e.g. operating according to refractive, diffractive and/or 
reflective principles), supported in a frame 452 and mounted in front of a PLIA 6A, 6B 
embodying a plurality of drive-current modulated visible laser diodes (VLDs) 13. In accordance 
with the second generalized method of the present invention, each VLD 13 is driven in a non- 
linear manner by an electrical time-varying current produced by a high-speed VLD drive 
current modulation circuit 454, In the illustrative embodiment, the VLD drive current 
modulation circuit 454 is supplied with DC power from a DC power source 403 and operated 
under the control of camera control computer 22. The VLD drive current supplied to each VLD 
effectively modulates the amplitude of the output laser beam 456. Preferably, the depth of 
amplitude modulation (AM) of each output laser beam will be close to 100% in order to increase 
the magnitude of the higher order spectral harmonics generated during the AM process. As 
mentioned above, increasing the rate of change of the amplitude modulation of the laser beam 
will result in higher order optical components in the composite PUB. 

In alternative embodiments, the high-speed VLD drive current modulation circuit 454 
can be operated (under the control of camera control computer 22 or other programmed 
microprocessor) so that the VLD drive currents generated by VLD drive current modulation 
circuit 454 periodically induce "spectral mode-hopping" within each VLD numerous time 
during each photo-integration time interval of the PLHM-based system. This will cause each 
VLD to generate multiple spectral components within each photo-integration time period of the 
image detection array. 

Optionally, the optical assembly 450 may further comprise a VLD temperature controller 
456, operably connected to the camera controller 22, and a plurality of temperature control 
elements 457 mounted to each VLD. The function of the temperature controller 456 is to control 
the junction temperature of each VLD. The camera control computer 22 can be programmed to 
control both VLD junction temperature and junction current so that each VLD is induced into 
modes of spectral hopping for a maximal percentage of time during the photo-integration time 
period of the image detector. The result of such spectral mode hopping is to cause temporal 
frequency modulation of the transmitted PLIB 458, thereby enabling the generation of 
numerous time-varying speckle-noise patterns at the image detection array, and the temporal 
and spatial averaging of these patterns during the photo-integration time period of the array to 
reduce the RMS power of speckle-noise patterns observed at the image detection array. 

Notably, in some embodiments, it may be preferred that the cylindrical lens array 451 be 
realized using light diffractive optical materials so that each spectral component within the 
transmitted PLIB will be diffracted at slightly different angles dependent on its optical 
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wavelength, causing the PLIB to undergo micro-movement during target illumination 
operations. In some applications, such as the one shown in Figs. 1I25M1 and 1I25M2, such 
wavelength dependent movement can be used to modulate the spatial phase of the PUB 
wavefront along directions either within the plane of the PLIB or orthogonal thereto, depending 
on how the diffractive-type cylindrical lens array is designed. In such applications, both 
temporal frequency modulation and spatial phase modulation of the PLIB wavefront would 
occur, thereby creating a hybrid-type despeckling scheme. 




In Figs. 1I19C, there is shown an optical assembly 450 for use in any PLIIM-based 
system of the present invention. As shown, the optical assembly 450 comprises a stationary 
cylindrical lens array 451 (e.g. operating according to refractive, diffractive and/or reflective 
principles), supported in a frame 452 and mounted in front of a PUA 6A, 6B embodying a 
plurality of "multi-mode" type visible laser diodes (VLDs) operated fust above their lasing 
threshold so that each multi-mode VLD produces a temporal coherence-reduced laser beam 
The result of producing temporal coherence-reduced PLIBs from each PLIA using this method 
is that numerous time-varying speckle-noise patterns are produced at the image detection 
array during target illumination operations. Therefore these speckle-patterns are temporally 
and spatially averaged at the image detection array during the photo-integration time period 
thereof, thereby reducing the RMS power of observed speckle-noise patterns. 

■ifth Generated Method Of Speckle-Nois* P*H* m Reduction Particular For™ rw 
a pparatus Therefor BaspH On' poH,, ^ Thp sjjtijj r^^^^S^Tl ^ 
ununanon Beam fPLIBl ft**, it j^fe Th* fe ^g ^^^SpSfoi^ 
lodulanpn Techniques Duri np The Transmission Of ThpPT TR ^ffl?^ h al Tnt ™* 



Referring to Figs. 1120 through 1I21D, the fifth generalized method of speckle-noise 
pattern reduction and particular forms of apparatus therefor will be described. This generalized 
nethod is based on the principle of modulating the spatial intensity of the wavefront of the 
"transmitted" planar laser Ulumination beam (PUB) prior to wuminating a target object (e g 
package) therewith so that the object is muminated with a spatially coherent-reduced planar 
aser beam. As a result, numerous substantially different time-varying speckle-noise patterns 
fre produced and detected over the photo-integration time period of the image detection array 
(in the IFD subsystem). These speckle-noise patterns are temporally averaged and possibly 
-oatially averaged over the photo-integration time period and the RMS power of observable 
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speckle-noise pattern reduced. This method can be practiced with any of the PLIM-based 
systems of the present invention disclosed herein, as well as any system constructed in 
accordance with the general principles of the present invention. 

As illustrated at Block A in Fig. 1I20B, the first step of the fifth generalized method 
shown in Figs. 1120 and 1I20A involves modulating the spatial intensity of the transmitted 
planar laser iUumination beam (PLIB) along the planar extent thereof according to a (random or 
periodic) spatial intensity modulation function (SIMF) prior to illumination of the target object 
with the PLIB, so as to produce numerous substantially different time-varying speckle-noise 
pattern at the image detection array of the IFD Subsystem during the photo-integration time 
period thereof. As indicated at Block B in Fig. 1I20B, the second step of the method involves 
temporally and spatially averaging the numerous substantially different speckle-noise patterns 
produced at the image detection array in the IFD Subsystem during the photo-integration time 
period thereof. 

When using the fifth generalized method, the target object is repeatedly uluminated 
w,th laser light apparently originating from different points (i.e. virtual ulumination sources) in 
space over the photo-integration period of each detector element in the linear image detection 
array of the PLIIM system, during which reflected laser illumination is received at the detector 
element. As the relative phase delays between these virtual illumination sources are changing 
over the photo-integration time period of each image detection element, these virtual 
illumination sources are effectively rendered spatially incoherent with each other. On a time- 
average basis, these virtual illumination sources produce time-varying speckle-noise patterns 
which are temporally (and possibly spatially) averaged during the photo-integration time 
period of the image detection elements, thereby reducing the RMS power of the speckle-noise 
pattern (i.e. level) observed thereat. As speckle noise patterns are roughly uncorrelated at the 
image detection array, the reduction in speckle-noise power should be proportional to the 
square root of the number of independent virtual laser illumination sources contributing to the 
ulumination of the target object and formation of the image frame thereof. As a result of the 
present invention, image-based bar code symbol decoders and/or OCR processors operating on 
such digital images can be processed with significant reductions in error. 

The fifth generalized method above can be explained in terms of Fourier Transform 
optics. When spatial intensity modulating the transmitted PUB by a periodic or random spatial 
intensity modulation function (SIMF), while satisfying conditions (i) and (ii) above, a spatial 
intensity modulation process occurs on the spatial domain. This spatial intensity modulation 
process 1S equivalent to mathematically multiplying the transmitted PLIB by the spatial 
intensity modulation function. This multiplication process on the spatial domain is equivalent 
on the spatial-frequency domain to the convolution of the Fourier Transform of the spatial 
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intensity modulation function with the Fourier Transform of the transmitted PLIB. On the 
spatial-frequency domain, this convolution process generates spatially-incoherent (i.e. 
statistically-uncorrelated) spectral components which are permitted to spatially-overlap at each 
detection element of the image detection array (i.e. on the spatial domain) and produce time- 
varying speckle-noise patterns which are temporally (and possibly) spatially averaged during 
the photo-integration time period of each detector element, to reduce the RMS power of the 
speckle-noise pattern observed at the image detection array. 

In general, various types of spatial intensity modulation techniques can be used to carry 
out the fifth generalized method including, for example: a pair of comb-like spatial intensity 
modulating filter arrays reciprocated relative to each other at a high-speeds; rotating spatial 
filtering discs having multiple sectors with transmission apertures of varying dimensions and 
different light transmittivity to spatial intensity modulate the transmitted PLIB along its 
wavefront; a high-speed LCD-type spatial intensity modulation panel; and other spatial 
intensity modulation devices capable of modulating the spatial intensity along the planar extent 
of the PLIB wavefront. Several of these spatial light intensity modulation mechanisms will be 
described in detail below. 

Apparatus Of The Pr esent Invention For Micro-Oscillating A Pair Of Spatial Intensity 
Modulation (SIM) Panels With Respe rt To The Cylindrical Lens Arrays So As To Sp atial 



Inte nsity Modulate The Wavefront Of The Planar Laser Dlumination Beam (PIJB) Prior To 



Tar get Object Illumination 



In Figs. 1121 through 1I21D, there is shown an optical assembly 730 for use in any 
PLDM-based system of the present invention. As shown, the optical assembly 730 comprises a 
PLIA 6A with a pair of spatial intensity modulation (SIM) panels 731 A 'and 731B, and an 
electronically-controlled mechanism 732 for micro-oscillating SIM panels 731A and 731B, 
behind a cylindrical lens array 733 mounted within a support frame 734 with the SIM panels. 
Each SIM panel comprises an array of tight intensity modifying elements 735, each having a 
different light transmittivity value (e.g. measured against a grey-scale) to impart a different 
degree of intensity modulation along the wavefront of the composite PUB 738 transmitted 
through the SIM panels. The width dimensions of each SIM element 735, and their spatial 
periodicity, may be determined by the spatial intensity modulation requirements of the 
application at hand. In some embodiments, the width of each SIM element 735 may be random 
or aperiodically arranged along the linear extent of each SIM panel. In other embodiments, the 
width of the SIM elements may be similar and periodically arranged along each SIM panel. As 
shown in Fig. 1I19C, support frame 734 has a light transmission window 740, and mounts the 
SIM panels 731A and 731B in a relative reciprocating manner, behind the cylindrical lens array 
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733, and two pairs of ultrasonic (or other motion) transducers 736A, 736B, and 737A, 737B 
arranged (90 degrees out of phase) in a push-pull configuration, as shown in Fig. 1I21D. 

In accordance with the fifth generalized method, the SIM panels 731A and 731B are 
micro-oscillated, relative to each other (out of phase by 90 degrees) using motion transducers 
736A, 736B, and 737A, 737B. During operation of the mechanism, the individual beam 
components within the composite PLIB 738 are transmitted through the reciprocating SIM 
panels 731A and 731B, and micro-oscillated (i.e. moved) along the planar extent thereof by an 
amount of distance Ax or greater at a velocity v(t) which causes the spatial intensity along the 
wavefronts of the transmitted PLIB 739 to be modulated. The cylindrical lens array 733 
optically combines numerous phase modulated PLIB components and projects them onto the 
same points on the surface of the target object to be illuminated. This coherence-reduced 
illumination process causes numerous substantially different time-varying speckle-noise 
patterns to be generated at the image detection array of the PLEM-based during the photo- 
integration time period thereof. The time-varying speckle-noise patterns produced at the image 
detection array are temporally and spatially averaged during the photo-integration time period 
thereof, thereby reducing the RMS power of speckle-noise patterns observed at the image 
detection array. ° 

In the case of optical system of Fig. 1I21A, the following parameters will influence the 
number of substantially different time-varying speckle-noise patterns generated at the image 
detection array during each photo-integration time period thereof: (i) the spatial frequency and 
light transmittance values of the SrM panels 731A, 731B; (ii) the length of the cylindrical lens 
array 733 and the SIM panels; (iii) the relative velocities thereof; and (iv) the number of real 
User illumination sources employed in each planar laser mumination array in the PLDM-based 
system. In general, if a system requires an increase in reduction in speckle-noise at the image 
detection array, then the system must generate more uncorrected time-varying speckle-noise 
patterns for averaging over each photo-integration time period of the image detection array 
employed in the system. Parameters (1) through (iii) will factor into the specification of the 
spatial intensity modulation function (SIMF) of this speckle-noise reduction subsystem design. 
In general, if the system requires an increase in reduction in the RMS power of speckle-noise at 
its image detection array, then the system must generate more uncorrected time-varying 
speckle-noise patterns for averaging over each photo-integration time period thereof 
Adjustment of the above-described parameters should enable the designer to achieve the degree 
of speckle-noise power reduction desired in the application at hand. 

For a desired reduction in speckle-noise pattern power in the system of Fig 1I21A the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
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experimentally determined without undue experimentation. However, for a particular degree 
of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematically in terms of (i) the spatial 
gradient of the spatial intensity modulated PUB, and (ii) the photo-integration time period of 
the image detection array of the PUIM-based system. 




Referring to Figs. 1122 through 1I23B, the sixth generalized method of speckle-noise 
pattern reduction and particular forms of apparatus therefor will be described. This 
generalized method is based on the principle of spatial-intensity modulating the composite-type 
"return" PUB produced when the transmitted PUB iUuminates and reflects and/or scatters off 
the target object. The return PUB constitutes a spatially coherent-reduced laser beam and, as a 
result, numerous time-varying speckle-noise patterns are detected over the photo-integration 
time period of the image detection array in the IFD subsystem. These time-Varying speckle- 
noise patterns are temporally and/or spatially averaged and the RMS power of observable 
speckle-noise patterns significantly reduced. This method can be practiced with any of the 
PLIM-based systems of the present invention disclosed herein, as well as any system 
constructed in accordance with the general principles of the present invention. 

As illustrated at Block A in Fig. 1I23B, the first step of the sixth generalized method 
shown in Figs. 1122 through 1I23A involves spatially modulating the received PUB along the 
planar extent thereof according to a (random or periodic) spatial- intensity modulation function 
(SIMF) after illuminating the target object with the PLIB, so as to produce numerous 
substantially different time-varying speckle-noise patterns during each photo-integration time 
period of the image detection array of the PUIM-based system. As indicated at Block Bin Fig 
1I22B, the second step of the method involves temporally and spatially averaging these time- 
varying speckle-noise patterns during the photo-integration time period of the image detection 
array, thus reducing the RMS power of speckle-noise patterns observed at the image detection 
array. 

When using the sixth generalized method, the image detection array in the PLIM-based 
system repeatedly detects laser light apparently originating from different points in space (ie 
from different virtual illumination sources) over the photo-integration period of each detector 
element in the image detection array. As the relative phase delays between these virtual 
tllummation sources are changing over the photo-integration time period of each image 
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detection element, these virtual UluminaHon sources are effectively rendered spatiaUy 
mcoherent (or spatially coherent-reduced) with respect to each other. On a time-average basis 
these virtua. U.umination sources produce time-varying speckle-noise patterns which are 
temporally and spatially averaged during the photo-integration time period of the image 
detection array, thereby reducing the RMS power of speckle-noise patterns observed the™, As 
speckle noise patterns are roughly uncorrected at the image detector, the reduction in sp«*le- 
no.se power should be proportional to the square root of the number of independent real and 
vtrtual laser Ulununation sources contributing to formation of the image frames of the target 
object. As a result of the present invention, image-based bar code symbo. decoders and/or 
OCR processors operating on such digital images can be processed with significant reductions 
in error. 

The sixth generalized method above can be explained in terms of Fourier Transform 
optics. When spatially modulating a return PUB by a periodic or random spatial modulation 
0* windowing) function, white satisfying conditions (i) and (ii) above, a spatial intensity 
modulation process occurs on the spatial domain. This spatial intensity modulation process I 
equrvalent to mathematically multiplying the composite return PLIB'% the spatial intensity 
modulation function (SIMP). This multiplication process on the spatial domain is equivalent 1 
tire spatial-frequency domain to the convolution of the Fourier Transform of the spatial 
mtensrry modulation function with the Fourier Transform of the return PUB. On the spatial- 
frequency domain, this equivalent convolution process generate spaTia^incoheren, (Le. 
statishcaBy-uncorrelated) spectral components which are permitted to spatially-overlap a, each 
detection element of the image detection array (i.e. on the spatial domain) and produce tim* 
varymg speckle-noise patterns which are temporally and spauaBy averaged during the photo- 
mtegration time period of each detector element, to reduce the RMS power of speckle-noise 
patterns observed at the image detection array. 

In general, various types of spatial intensity modulation techniques can be used to cam, 
out the sixth generalized method including, for example: highspeed eWoptical (e.g ferro- 
electric, LCD, etc.) dynamic spatial niters, located before the image detector along the optical 
axrs of the camera subsystem; physicaBy rotating spatial fflters, and any other spatial intensity 
modulation element arranged before the image detector along the optical axis of the camera 
subsystem, through which Ore received PUB beam may pass during Ulumination and irn-e 
detection operations for spatial intensity modulation without causing optical image distortion 
a. the unage detection array. Several of these spatial intensity modulation mechanisms wiB be 
described in detail below. 
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Apparatus Of The Present Invention For Sp ^Hal-Intensitv MnH,,i a H» r Rerurn planap T a 
mumination Beam (PUB) Prior Tn n ation At ThP 1^^ '!""^ 3316 RptUm Planar *g 



In Figs. 1I22A, there is shown an optical assembly 460 for use at the IFD Subsystem in 
any PLIIM-based system of the present invention. As shown, the optical assembly 460 
comprises an electro-optical mechanism 460 mounted before the pupil of the IFD Subsystem for 
the purpose of generating a rotating a spatial intensity modulation structure (e.g. maltese-cross 
aperture) 461. The return PLIB 462 is spatial intensity modulated at the IFD subsystem in 
accordance with the principles of the present invention, with introducing significant image 
distortion at the image detection array. The electro-optical mechanism 460 can be realized using 
a high-speed liquid crystal (LC) spatial intensity modulation panel 463 which is driven by a 
LCD driver circuit 464 so as to realize a maltese-cross aperture (or other spatial intensity 
modulation structure) before the camera pupil that rotates about the optical axis of the IFD 
subsystem during object ulumination and imaging operations. In the illustrative embodiment 
the maltese-cross aperture pattern has 100% transmittivity, against an optically opaque 
background. Preferably, the physical dimensions and angular velocity of the maltese-cross 
aperture 461 will be sufficient to achieve a spatial intensity modulation function (SIMF) suitable 
for speckle-noise pattern reduction in accordance with the principles of the present invention. 

In Figs. 1I22B, there is shown a second optical assembly 470 for use at the IFD Subsystem 
in any PIUM-based system of the present invention. As shown, the optical assembly 470 
comprises an electro-mechanical mechanism 471 mounted before the pupil of the IFD 
Subsystem for the purpose of generating a rotating maltese-cross aperture 472, so that the 
return PLIB 473 is spatial intensity modulated at the IFD subsystem in accordance with the 
principles of the present invention. The electro-mechanical mechanism 471 can be realized using 
a high-speed electric motor 474, with appropriate gearing 475, and a rotatable maltese-cross 
aperture stop 476 mounted within a support mount 477. In the illustrative embodiment, the 
maltese-cross aperture pattern has 100% transmittivity, against an optically opaque 
background. As a motor drive circuit 478 supplies electrical power to the electrical motor 474 
the motor shaft rotates, turning the gearing 475, and thus the maltese-cross aperture stop 476 
about the optical axis of the IFD subsystem. Preferably, the maltese-cross aperture 476 will be 
driven to an angular velocity which is sufficient to achieve the spatial intensity modulation 
function required for speckle-noise pattern reduction in accordance with the principles of the 
present invention. 

In the case of the optical systems of Figs. 1I23A and 1I23B, the following parameters will 
influence the number of substantially different time-varying speckle-noise patterns generated at 
the unage detection array during each photo-integration time period thereof: (i) the spatial 
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dimensions and relative physical position of the apertures used to form the spatial intensity 
modulation structure 461, 472; (ii) the angular velocity of the apertures in the rotating 
structures; and (iii) the number of real laser Ulumination sources employed in each planar laser 
illumination array in the PLIIM-based system. Parameters (i) through (ii) will factor into the 
specification of the spatial intensity modulation function (SMF) of this speckle-noise reduction 
subsystem design. In general, if the PLIIM-based system requires an increase in reduction in 
the RMS power of speckle-noise at its image detection array, then the system must generate 
more uncorrected time-varying speckle-noise patterns for averaging over each photo- 
mtegration time period thereof. Adjustment of the above-described parameters should enable 
the designer to achieve the degree of speckle-noise power reduction desired in the application 
at hand. rr 

For a desired reduction in speckle-noise pattern power in the systems of Figs. 1I23A and 
1I23B, the number of substantially different time-varying speckle-noise pattern samples which 
need to be generated per each photo-integration time interval of the image detection array can 
be experimentally determined without undue experimentation. However, for a particular 
degree of speckle-noise power reduction, it is expected that the lower threshold for this sample 
number at the image detection array can be expressed mathematicaUy in terms of (i) the spatial 
gradient of the spatial intensity modulated PLIB, and (ii) the photo-integration time period of 
the image detection array of the PUIM-based system. 




Referring to 1124 through 1I24C, the seventh generalized method of speckle-noise 
pattern reduction and particular forms of apparatus therefor will be described This 
generalized method is based on the principle of temporal intensity modulating the composite- 
type "return" PUB produced when the transmitted PLIB Nominates and reflects and/or 
scatters off the target object. The return PLIB constitutes a temporally coherent-reduced laser 
beam. As a result, numerous time-varying (random) speckle-noise patterns are produced and 
detected over the photo-integration time period of the image detection array (in the IFD 
subsystem). These time-varying speckle-noise patterns are temporally and/or spatially 
averaged and the observable speckle-noise patterns significantly reduced. This method can be 
practiced with any of the PLIM-based systems of the present invention disclosed herein, as well 
as any system constructed in accordance with the general principles of the present invention. 
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As illustrated at Block A in Fig. 1I24B, the first step of the seventh generalized method 
shown in Figs. 1124 and 1I24A involves modulating the temporal phase of the received PUB 
along the planar extent thereof according to a (random or periodic) temporal intensity 
modulation function (TIMF) after illuminating the target object with the PUB, so as to produce 
numerous substantially different time-varying speckle-noise patterns during each photo- 
integration time period of the image detection array of the PLHM-based system. As indicated 
at Block B in Fig. 1I24B, the second step of the method involves temporally and spatially 
averagmg these time-varying speckle-noise patterns during the photo-integration time period 
of the unage detection array, thus reducing the RMS power of speckle-noise patterns observed 
at the image detection array. 

When using the seventh generalized method, the image detector of the IFD subsystem 
repeatedly detects laser light apparently originating from different moments in space (ie 
virtual illumination sources) over the photo-integration period of each detector element in the 
.mage detection array of the PLIIM system. As the relative phase delays between these virtual 
ulumination sources are changing over the photo-integration time period of each image 
detection element, these virtual Ulumination sources are effectively rendered temporally 
mcoherent with each other. On a time-average basis, these virtual illumination sources produce 
time-varying speckle-noise patterns which can be temporally and spatially averaged during the 
photo-integration time period of the image detection elements, thereby reducing the speckle- 
noise pattern (i.e. level) observed thereat. As speckle noise patterns are roughly uncorrelated at 
the image detector, the reduction in speckle-noise power should be proportional to the square 
root of the number of independent real and virtual laser illumination sources contributing to 
formation of the image frames of the target object. As a result of the present invention, image- 
based bar code symbol decoders and/or OCR processors operating on such digital images can 
be pressed with significant reductions in error. 

In general, various types of temporal intensity modulation techniques can be used to 
carry out the method including, for example: high-speed temporal intensity modulators such as 
electro-optical shutters, pupils, and stops, located along the optical path of the composite return 
PUB focused by the IFD subsystem; etc. 



Electro-Optical Apparatus Of The Present Wnti pn For Tpmi wal w^.;*., Mrdnhtinr 
^^^^^^ B S "H-iHT * S By ^XZT^ 

In Fig. 1I24C, there is shown an optical assembly 480 for use in any PUIM-based system 
of the present invention. As shown, the optical assembly 480 comprises a high-speed electro- 
optical temporal intensity modulation panel (e.g. high-speed electro-optical gatmg/switching 
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panel) 481, mounted along the optical axis of the IFD Subsystem, before the imaging optics 
thereof. A suitable high-speed temporal intensity modulation panel 481 for use in carrying out 
this particular embodiment of the present invention might be made using liquid crystal, ferro- 
electric or other high-speed light control technology. During operation, the received PLIB is 
temporal intensity modulated as it is transmitted through the temporal intensity modulation 
panel 481. During temporal intensity modulation process at the IFD subsystem, numerous 
substantially different time-varying speckle-noise patterns are produced. These speckle-noise 
patterns are temporally and spatially averaged at the image detection array 3A during each 
photo-integration time period thereof, thereby reducing the RMS power of speckle-noise 
patterns observed at the image detection array. 

The time characteristics of the temporal intensity modulation function (TIMF) created by 
the temporal intensity modulation panel 481 will be selected in accordance with the principles 
of the present invention. Preferably, the time duration of the light transmission window of the 
TIMF will be relatively short, and repeated at a relatively high rate with respect to the inverse of 
the photo-integration time period of the image detector so that many spectral-harmonics will be 
generated during each such time period, thus producing many time-varying speckle-noise 
patterns at the image detection array. Thus, if a particular imaging application at hand requires 
a very short photo-integration time period, then it is understood that the rate of repetition of the 
light transmission window of the TIMP (and thus the rate of switching/gating electro-optical 
panel 481) will necessarily become higher.in order to generate sufficiently weighted spectral 
components on the time-frequency domain required to reduce the temporal coherence of the 
received PUB falling incident at the image detection array. 

In the case of the optical system of Fig. 1I24C, the following parameters will influence 
the number of substantially different time-varying speckle-noise patterns generated at the 
image detection array during each photo-integration time period thereof: (i) the time duration 
of the light transmission window of the TIMF realized by temporal intensity modulation panel 
481; (ii) the rate of repetition of the light duration window of the TIMF; and (iii) the number of 
real laser illumination sources employed in each planar laser illumination array in the PLHM- 
based system. Parameters (i) through (ii) will factor into the specification of the TIMF of this 
speckle-noise reduction subsystem design. In general, if the PLDM-based system requires an 
increase in reduction in the RMS power of speckle-noise at its image detection array, then the 
system must generate more uncorrected time-varying speckle-noise patterns for averaging 
over each photo-integration time period thereof. Adjustment of the above-described 
parameters should enable the designer to achieve the degree of speckle-noise power reduction 
desired in the application at hand. 
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For a destred reduction in speckle-noise pattern power in the system of Fig 1I24C the 
number of substantially different time-varying speckle-noise pattern samples which need to be 
generated per each photo-integration time interval of the image detection array can be 
experimentally determined without undue experimentation. However, for a particular degree 
of speckle-note power reduction, it is expected that the lower threshold for this sample number 
at the unage detection array can be expressed mathematically in terms of (i) the time derivative 
of the temporal phase modulated PUB, and (ii) the photo-integration time period of the image 
detection array of the PLIIM-based system. 

While the speckle-noise pattern reduction (i.e. despeckling) techniques described above 
have been described in conjunction with the system of Fig. 1A for pulses of illustration it is 
understood that ma. any of these techniques can be used in conjunction with any of the PUIM- 
based systems of the present invention, and are hereby embodied therein by reference thereto 
as d fuUy explained in conjunction with its structure, function and operation. 



PUM-BasM 




In Figs. 1I25A1 and 1I25A2, there is shown a PLIIM-based system of the present 
mvenhon 860 having an speckle-pattern noise reduction subsystem embodied theremthin 
which comprises: (i) an image formation and detection (IFD) module 861 mounted on an optical' 
bench 862 and having a linear (ID) CCD image sensor 863 with vertically-elongated image 
detection elements 864 characterized by a large height-to-width (H/W) aspect ratio; (ii) a PUA 
compnsmg a pair of planar laser illumination modules (PLIMs) 865A and 865B mounted on the 
optical bench on opposite sides of the IFD module 861; and (iii) a 2-D PLIB micro^osculation 
mechanism 866 arranged with each PLIM 865A and 865B in an integrated manner 

As shown, the 2-D PLTO num>-oscmanon mechanism 866 emprises: a iniao^ting 
cylindrical lens array 867 as shown in Figs. 1I3A through 1I3D, and a micro-osdllaung PUB 
reflecting mirror 868 configured therewith. As shown in Fig. 1I25A2, each PLIM 865A and 865B 
is pitched slightly relative to the optical axis of the IFD module 861 so that the PUB 869 is 
transmitted perpendicularly through cylindrical lens array 867, whereas the FOV of the image 
detection array 863 is disposed at a small acute angle so that the PUB and FOV converge on the 
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micro-oscUlating mirror element 868 so that the PUB and FOV maintain a coplanar relationship 
as they are jointly micro-oscillated in planar and orthogonal directions during object 
iUumination operations. As shown, these optical components are configured together as an 
optical assembly for the purpose of micro-oscillating the PUB 869 laterally along its planar 
extent as well as transversely along the direction orthogonal thereto, so that during illumination 
operations, the PLIB 870 is spatial phase modulated along the planar extent thereof as well as 
along the direction orthogonal thereto. This causes the phase along the wavefront of each 
transmitted PUB to be modulated in two orthogonal dimensions and numerous substantially 
different time-varying speckle-noise patterns to be produced at the vertically-elongated image 
detection elements 864 during the photo-integration time period thereof. During object 
illumination operations, these numerous time-varying speckle-noise patterns are temporally 
and spatially averaged during the photo-integration time period of the image detection array 
863, thereby reducing the RMS power level of speckle-noise patterns observed at the image 
detection array. 



™y SyStPm „ With legated, Speckle-Pattern Noise Rednftmn SjjbsystgjrL Wherein 
A First Micro^OsaUafang Light Re flective Elem e n t Micro -OscillatPs A PU™ La,4r Illuming 



Beam fPLIB) Laterally Along Its Plan a r Exten t To Prodnrp Spatially TnrnhpT^rTTre 



r> 7 a — 7* ' i ^ ZZ — — A iwm,c >J L/auctiiv ixiconerent rLIt> 



Planar Extent And Wherein A Stationary C y lindri cal L^ns Array O ptically fLhi^ a»a 
Projects Said SpahaUy-focoherent PUB Comments Ont. T he Sari P,!U d ri^f^S 



S£K ^"^^^J^^ ^Detection Array Wit h^^ 



Elongated Image Detection Elements Detects Time-Varying Sp pH ^-Noise P.ttPm, Pr^wfS 
By Spatial Incoherent Components Reflected /S c attered Off Thp IlluminatpH Ohj ^rt ~ 



In Figs. 1I25B1 and 1I25B2, there is shown a PLIIM-based system of the present 
invention 875 having speckle-pattern noise reduction capabilities embodied therein, which 
comprises: (i) an image formation and detection (IFD) module 861 mounted on an optical bench 
862 and having a linear (ID) CCD image sensor 863 with vertically-elongated image detection 
elements 864 characterized by a large height-to-width (H/W) aspect ratio; (ii) a PUA 
comprising a pair of planar laser illumination modules (PUMs) 865A and 865B mounted on the 
optical bench 862 on opposite sides of the IFD module; and (iii) a 2-D PLIB micro-oscillation 
mechanism 876 arranged with each PLIM in an integrated manner. 

As shown, the 2-D PUB micro-oscillation mechanism 876 comprises: a stationary PUB 
folding mirror 877, a micro-oscillating PLIB reflecting element 878, and a stationary cylindrical 
hens array 879 as shown in Figs. 1I5A through 1I5D. These optical component are configured 
together as an optical assembly as shown for the purpose of micro-oscillating the PUB 880 
laterally along its planar extent as well as transversely along the direction orthogonal thereto, so 
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that during Mumination operations, the PLIB 881 transmitted from each PLIM is spatial phase 
modulated along the planar extent thereof as well as along the direction orthogonal thereto. 
This causes the spatial phase along the wavefront of each transmitted PUB to be modulated in 
two orthogonal dimensions and numerous substantially different time-varying speckle-noise 
patterns to be produced at the vertically-elongated image detection elements 864 during the 
photo-integration time period thereof. During object illumination operations, these numerous 
time-varying speckle-noise patterns are temporally and spatially averaged during the photo- 
integration time period of the image detection array 863, thereby reducing the RMS power level 
of speckle-noise patterns observed at the image detection array. 



Laterally Along Its Planar Extent To Pro duce Spatially Incoherent PLIB ComnnnPnts A 
Stationary Cylindrical Lens Array Optically Combines and Projects Said Spatially Inrohp£n7 



PLIB Components Onto The Same Points On T h e Surface On An Object To Bp niuminated. AnH 



Wherein A Micro-Oscillating Light Reflecting StrucfairP Mir r o-Qsrilliito, Thp^p ^nT: 
^coherent PUB Components Transversely Along The Dicti o n Orthogonal To Said Planar 



Extent And A Linear (ID) CCD Image Detection Arr» y With Vertirallv.Fl^g^oTl^ 
Detection Elements Detects Time-Varying S p eckle-NoisP Patterns rVoXrpd By SpatiaX 
Incoherent PLIB Component s Reflected /Scattered Off Thp DluminatPd Ohj<w K * 



In Figs. 1I125C1 and 1I25C2, there is shown a PLIIM-based system of the present 
invention 885 having speckle-pattern noise reduction capabilities embodied therein, which 
comprises: (i) an image formation and detection (IFD) module 861 mounted on an optical bench 
862 and having a linear (ID) CCD image sensor 863 with vertically-elongated image detection 
elements 864 characterized by a large height-to-width (H/W) aspect ratio; (ii) a PLIA 
comprising a pair of planar laser Ulumination modules (PLIMs) 865A and 865B mounted on the 
optical bench on opposite sides of the IFD module; and (iii) a 2-D PUB micro-oscillation 
mechanism 886 arranged with each PLIM in an integrated manner. 

As shown, the 2-D PUB micro-oscillation mechanism 886 comprises: an acousto-optic 
Bragg cell panel 887 micro-oscillates a planar laser mumination beam (PUB) 888 laterally along 
its planar extent to produce spatially incoherent PLIB components, as shown in Figs. 1I6A 
through 1I6B; a stationary cylindrical lens array 889 optically combines and projects said 
spatially incoherent PLIB components onto the same points on the surface of an object to be 
Muminated; and a micro-oscillating PUB reflecting element 890 for micro-oscillating the PUB 
components in a direction orthogonal to the planar extent of the PUB. As shown in Fig. 
I25C2, each PLIM 865A and 865B is pitched slightly relative to the optical axis of the IFD 
module 861 so that the PLIB 888 is transmitted perpendicularly through the Bragg cell panel 887 
and the cylindrical lens array 889, whereas the FOV of the image detection array 863 is disposed 
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a. a ma.1 acute angle, relative ,o PUB 888, so tha, me PLIB and FOV converge on the micro- 
osc, anng m,rr„r elemenl 890 . pLIB rt roy ^ a ^ ™~ 

,o,n Uy m.cro-oscUlated in p,anar and orthogonal direction, during objec, mJZZ 
These opttca, etemenfs are conhgured fcgefcer as shown as I optica, asl^ 
the purpo* of mKro-oscfflabng the PUB lateraUy aiong it s piar^r extent as weU as teanJI 
along the direction orthogonal thereto, so But during illumination operations the PLIo 

as along the drrecnon orthogonal (i.e. transverse, thereto. This causes the phase along the 
wavefron, of each transmitted PLIB ,o he modulated in two orthogonal dimensions 1 
numerous substanttaHy different ttme-va^ng specHe-noiae patterns I he produT" 
«rt,caUv.,onga t ed image detectton elements 864 during the phofc-mtegJL time peri^ 
hereof. Dunng target il.uminatton operations, these „ um erous time-varying speoHe noise 
patterns a. temporally and spatially averaged during me phofo-mtegrabon «Je .Led oZ 
bnage detection array.863, thereby reducing the RMS power level of spedde-noise patterns 
Observed at the image detection array. panems 
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In Pigs. H25D, and H25D2, mere is shown a PUIM-based sy Stem of «, e prescm 
ventton 895 having S peckle-pattem noise reduction capabilities embodied therein, which 
:omp„ses: („ an im age fonnaaon mA ietK&m ^ ^ ^ ^ 

62 and havmg a linear (ID, CCD image sensor 863 with verucaUy^ongated image detectton 
■entente 864 characterized by a large height-to-widtt. (H/W) aspJL ratto; (U, a ^ 
ompnsing a pair of planar laser Uluminatton modules (PUMs) 865A and 865B mounted on the 
•pttcal bench 862 on opposite sides of me IPD module; and (iii) a 2-D PUB mtaoKBcillahon 
wchaiusm 896 arranged with each PUM in an integrated manner 

As shown, me 2-D PLIB micro-oscillabon mechanism 896 comprises: a stahonary PUB 
reflecttng element 897; a micro-oscillating high-resolutton defonnable mirror (DM) structure 
898 as shown in Figs. WA through ,I7C; and a stationary cylindrical lens array 899. These 
opttcal components are configured together as an optical assembly as shown for the purpose of 
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irucro-oscmating the PLIB 900 laterally along its planar extent as well as transversely along the 
direction orthogonal thereto, so that during illumination operations, the PLIB transmitted from 
each PLIM is spatial phase modulated along the planar extent thereof as well as along the 
direction orthogonal (i.e. transverse) thereto. This causes the spatial phase along the wavefront 
of each transmitted PLIB to be modulated in two orthogonal dimensions and numerous 
substantially different time-varying speckle-noise patterns to be produced at the vertically- 
elongated image detection elements 864 during the photo-integration time period thereof. 
During target iUumination operations, these numerous time-varying speckle-noise patterns are 
temporally and spatially averaged during the photo-integration time period of the image 
detection array 863, thereby reducing the RMS power level of speckle-noise patterns observed 
at the image detection array. 

PLIIM-Based System With An Integrated S^ gjfeP atfern Noi^ Redu ction Snhsv^™ wherein 
AMiero-Oscillatine Cv ndriral T pnc Arr a , i u; rwin.^.. a r>,_ 7 J » p -V ST em, wnerein 



(PUB) Laterally Alon, |» P| anar T „ ^^'S^pyy »J 



Extent As Well Ac Th, FielH Of Vi.w (p un Af , , ' ' - " f,n rTT I , Ti - " 

Array Haw , m . r ^l^'^r^^^Tr^r-?: 

ImaeeDetection Arrav Deter* Timo-V:,™^ c^ZXT t>.^ ' * WiX * o r ? a * a "near I' 



In Figs. 1I25E1 and 1I25E2, there is shown a PLIIM-based system of the present 
invention 905 having speckle-pattern noise reduction capabilities embodied therein, which 
comprises: (i) an image formation and detection (IFD) module 861 mounted on an optical bench 
862 and having a linear (ID) CCD image sensor 863 with vertically-elongated image detection 
elements 864 characterized by a large height-to-width (H/W) aspect ratio; (ii) a PLIA 
comprising a pair of planar laser Ulumination modules (PLIMs) 865A and 865B mounted on the 
optical bench 862 on opposite sides of the IFD module; and (iu) a 2-D PLIB micro-oscillation 
mechanism 906 arranged with each PUM in an integrated manner. 

As shown, the 2-D PLIB micro-oscillation mechanism 906 comprises: a micro-oscillating 
cylindrical lens array structure 907 as shown in Figs. 114 A through 1I4D for micro-oscillating 
the PLIB 908 laterally along its planar extent; a micro-oscillating PUB/FOV refraction element 
909 for micro-oscillating the PUB and the field of view (FOV) of the linear CCD image sensor 
63 transversely along the direction orthogonal to the planar extent of the PLIB; and a 
stationary PLIB/FOV folding mirror 910 for folding jointly the micro-oscillated PLIB and FOV 
towards the object to be illuminated and imaged in accordance with the principles of the 
present invention. These optical components are configured together as an optical assembly as 
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shown for the purpose of micro-oscillating the PLIB laterally along ia plana r exlenl whife 
nucro-oscillating both the PUB and POV of the linear CCD image sensor transversely along the 
diction orthogonal thereto. During illumination operations, the PUB transmitted from each 
PUM is spatial phase modulated along «he planar extent thereof as well as along the direction 
orthogonal (Le transverse, thereto, causing the phase along the wavefron. of each transmitted 
PUB to be modulated in two orthogonal dimensions and numerous substantially different time 
arymg speckle-noise patterns to be produced a, the vertically-elongated image detection 
Jements 864 during the photo-integration time period thereof. These numerous tune-varyin* 
■pedde-noise patterns are temporally and spatially averaged during the photo-integrahon toe 
>e„od of the image detection array 863. thereby reducing the RMS power level of speckle-noise 
•attems observed at the image detection array. 



^^^^^ „ n 

. PUB! Laterally < LV fpS ' r „T7 MinrvOwUafe? A planar 1 a ser rn.Lln.L~ 
3ected/Sr al h. redOffT^m„..i^rihp "* *»W \ Y Incoherent EUB Cgmesmaiis 



In Ftgs 1I25F1 and 1I25P2, there is shown a PUIM-based system of me present 
Invention ,15 having speckle-pattern noise reduction capabilities embodied therein, which 
fcompnses: (,) an image formation and detection (JFD) module 861 mounted on an optical bench 
K2 and having a linear (ID, CCD image ser*or 863 with vertically-elongated image detection 
elements 864 characterized by , large height-to-width (H/W) aspect ratio; („, a PUA 
compnsmg a pair of planar laser illumination modules (PUMs) 865A and 865B mounted on the 
optical bench 862 on opposite sides of the IFD module 861; and (lii) a 2-D PUB micro- 
.scllahon mechanism 916 arranged with each PUM in an integrated manner 

As shown, the 2-D PLIB nWosdllation mechanism ,16 comprises; a micro-oscillating 
yhndrtcal lens array structure 917 as shown in Figs. 1I4A through 1I4D for mlcro^cillaZ 
e PLIB 918 laterally along its planar extent; a micro-oscillating PUB/FOV reflection element 
19 '"' nucro -° sdlla ft'g 1* PLIB and the field of view (POV) 921 of the linear CCD imaee 
sensor (collectively 920) transversely along the direction orthogonal ,o tine planar extent of the 

^ T.K PUB/F0V "** mi " 0r ' 21 '° r '° ldto 8 *• Conciliated 

PUB and the POV towards the object to be illumirutted and imaged in accordance with the 
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pnncipte of the present inven(ion . ^ opKca , aK 

pW extent whale Mtag « me m ^ F0V „ fc ^ CCD J 

S.tZZ.f* K ireCBOn 0rth ° 80nal ^ ^ iU — > - 
PUB taM from each PUM ,22 is spatial phase modulated „ 0 ng the p,a„ar 

.hereof as wel as a,o„ g me directi o n orthogona, thereto. This causes I phase ITT 
waverront of each transmitted P LIB t0 be modulated h ^ 

numerous substantially different fc^^ spectle . nojse ^ , o - d 

ZZT"* ^ 8M *** "* P^SraL time pl^ 

•hereof. These numerous time-varying speckle-noise patterns are temporally and spattallv 
averaged during the photo-integration time period of the image detection arr y 8« tr* 
reduong me RMS power level of spedde-noise patten, observed a, me image detection „ay 




In Figs. 1I25G1 and 1I25G2, mere is shown a PLHM-based syslem of the present 

ZT n T^" noise c — ~ d *- ™ 

«2 " 7^ md ^ <IFD> ^ 861 « - °P«<* *"ch 

862 and havmg a unear (ID) CCD image sensor 863 with vertically-elongated image detection 
alemente 864 charades by a large height-to-width <H/W> aspJL ratto^, ^ 

oZTbThT' m0dUleS <PUMS) «* - 8658 — « 

op* a, bench 8o2 on opposite sides of the 1FD module 86.; and (ill, . 2-D PUB micro- 

osallahon mechanism 926 arranged with each PUM in an integrated manner 

As shown, 2-D PUB micro-oscillation mechanism 926 comprises: a phase-onlv LCD 
Phase modulation pane, 927 for micro-bating PUB 928 as shown in Pig/^Id ,^ 

1I25G2. each PUM 865A and 865B is pitched slightly reUHve to me optical axis of the IFD 
module 86, so ma, me PUB ,28 is transmitted perpendicularly through phaTm olT 

so that the PUB and FOV converge on me micnMBdllatag mirror element 930 so that the PUB 
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and FOV (collectively 931) maintain a coplanar relationship as .hey are foMv ml™ „ « 
- P'anar and orthogonal directions during objec( 

component are configured together as an optica, assemb.y as shown for Zun^! f 
osei,,a«ng the PUB ,atera„y along its pfanar extent^ ^2^^ 

TT^ 8 dtaCfa 0rth ° 60nal »— opera^ i Z 

transmmed from each PUM is spans, phase modulated aiong me planar exL, 1 T n 

as along me direction orthogona, (i.e. transverse, thereto. ZIZTT^" 1 

wavefront of each transmitted PUB to be mediated in twT 1 , ? * ** 

_ substantany differen, ^ g ^^S^^Tj^ 

erhca legated image detection elements 8M durtag phofo-integra ^ ^ 

hereof, ^e numerous Hme-varying speckle-noise patterns are temporal* and pZ! 

averaged dunng the photo-integration time period of the itnage detection array » 




In Figs. 1Q5H1 and 1I25H2, there is shown a PLIIM-based system of the or. . 
nventton 935 havine soeckle-,v,t»«™ j . ' ™ present 

avmg speckle pattern noise reduction capabilities embodied therein which 

u navmg a linear (ID) CCD image sensor 863 with verticallv-Plnn^wi • 
*-* m charged by a ,arge height-to-width 
compnsmg a pair of planar laser Ulumination modules (PUMs) 865A ,uH «™ 
*e opHca. bench 8o 2 on opposite sides of the ,FD IZ i£. " 

^hon m echanism936a.rangedw im eachPUMm m mteg ra ,ed m anne! 

miCT °- 0SdBa,i0n — *» « a moating 

nuttt faceted cylmdncal lens an-ay structure 937 as shown in Figs. 1I12A and 1I12B f~ „ 

gating PUB ,38 produced therefrom along its p la „a r extent as 

Steucture 93 7 rotates about its axis of rotation; a stationary cyUndrica, .e^aty ^a 
865B is pttehed shghuy rel a„ve to the optica, axis of the IFD modute 86, so that flTpust 
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MM perpendicularly through cylindrical lens array 939, whereas the FOV of the image 
detect-on array 863 is disposed a, a small acute angte relative to the eyundrical lens array 939 L 
*at the PUB and FOV converge on the micro-oscillating mi™ e,emen, 940 and the PUB and 
FOV mamtam a coplanar relationship as they are jointly micro-osciUated in planar and 
orthogonal directions during object Ulumination operations. As shown, these opto, dements 

Z PLmf, " a " "** " fM ^ ™ °< — -osdllahng 

fte PUB laterally along ■* pi™, extent while micro-oscillating the PUB transversely along fte 
duectton orthogonal thereto. During illumination operations, the PUB 938 transmitted Ln 
each PUM 865A' and 865B- is spatial phase modulated along the p,anar extent thelt ^ 
as a.ong *, , direction orthogona. thereto, causing the phase along the wavefron, of each 
tiansnutied PUB ,„ be modulated in two orthogonal dimensions and numerous substantial 
f*7 T'™^ P*™ to be produced at the vertically-e lo „ g a t ed image 

ketecnon elements 864 during the photo-integration time period thereof. T^e nunLus uml 
karytng speckle-noise patterns are temporaUy and spatially averaged during the photo- 
ktegrabon ^ period of the image detection a„ay 863, thereby reducing the RMS power .evel 
of speckle-noise patterns observed at the image detection array. 



^terallv Alnn f v lanar Fy , pnf Ac w^?!?^ ^ T, n mi nf lrmn B r i m fPTTR) 

Said Pla nar Extent And P r nH„~ c gg S&Sll m,| ruif, fW ™,^'™lTn 
Orthogonal Directions And Wh^n a J^^^^r? H ^'n^f.^.l^^ -^ i^^ 
md Proprts The SnaH ^Hy Tnrnhrrr n. PT m r .,, ■ in ■■■ * Y "P* 1 ™'^ £ombinffi 



fn Figs. 1I25I1 through 1I25I3, there is shown a PLHM-based system of the present 
mvennon 945 having speckie-pattern noise reduction capabilities embmlied therein, whid. 
comprtses: („ an image formation and detection (IFD) module 861 mounted on an optical bend, 
8 2 and having a Unear (ID, CCD image sensor 863 with vertically-elongated image detection 
elements 864 characterized by a !arge height-to-width (H/W) aspect ratio; (u) a PUA 
compnsmg a pair of planar laser Ulumination modules (PUMs) 865A and 865B mounted on 
the optical bench on opposite sides of the fFD modtUe; and (ffl, a 2-D PUB micro-osculata 
mechanism 946 arranged with each PUM in an integrated manner 

As shown, the 2-D PUB micro-osdllauon mechanism 946 comprises: a micro-oscillatmg 
mulf-faceted cylindrical !ens array structure 947 as generally shown in Figs. M2A artd 1U2B 
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(adapted for micro-oscillation about the optical axis of the VLD's laser illumination beam as 
well as along the planar extent of the PLIB); and a stationary cylindrical lens array 948 As 
shown in Fig, 112512 and 1I25I3, the multi-faceted cylindrica. .en* array structure 947 is 
ratably mounted within a housing portion 949, having a light transmission aperture 950 
through which the PLIB exits, so ma, the structure 947 can rotate about its axis, while the 
housing portion 949 is micro-oscillated about an axis that is parallel with the optical axis of the 
focusing lens !5 wifhin the PLIM 865A, 865B. Rotation of structure 947 can be achieved using 
an electtical motor wifh or without me use of a gearing mechanism, whereas mjcro-oscfflafion 
of the housing portion 949 can be achieved using any electee-mechanical device known in the 
art. As shown, these optical components are configured together as an optical assembly, for the 
purpose of micro-osciUafing the PLIB 951 laterally along its pUnar extent while micro- 
osctllattng me PLIB transversely a.ong the direction orthogona. thereto. During illumination 
operations, the PLIB transmitted from each PLIM is spatial phase modulated along the planar 
extent thereof as well as along the direction orthogonal thereto. This causes the phase along the 
wavefron, of each transmitted PLIB to be modulated in two orthogonal dimensions and 
numerous substantially different fime-varying speckle-noise patterns to be produced a, the 
vertically-elongated image detecfion elements 863 during the photo-integrafion time period 
thereof. These numerous fime-varying speckle-noise patterns are temporally and spatially 
averaged during the photo-integratton time period of the image detecfion array 863, thereby 
reducing the RMS power level of speckle-noise patterns observed at the image detection array 



PUIM-Based System Witt, A n Inte grated « H,a , r tJ. T . Tr „ Sm -|.,. Paflm , ... „ . 
Subsystem. Whe r ein A Hiyh-ttp ^ L/g, ^, Wle-PaWern Noise Reduction 
Modulates A Pl anar Laser ninLn.H^ " ,Kf 7- ^f^ ! ' Fapel Tempoml Intrn-itv 
Components Alone I* Plan,, VM a ^^J^^TL?^,^*^,? 1 " 

dement W*™<J!^V > $?TXi <^™ i *"™™>mrl#* Refierfinr 

M » Inherent P, n^ST^^^^ 

In Figs. 1125,1 artd 1E5J2, mere is shown a PUIM-based system of the present invention 
955 havmg speckle-pattem noise reduction capabilities embodied therein, which comprises (i) 
an .mage formation and detection (IFD) module 861 mounted on an optical bench 862 and 
havmg a linear (ID) CCD image sensor 863 with vertically-elongated image detecfion elements 
864 characterized by a large height-to-width <H/W> aspect ratio; (if) a PUA comprising a pair of 
flanar laser illumination modules (PUMs) 865A and 865B mounted on the optical bench on 
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opposite sides of the IFD module; and (iii) a hybrid-type PLIB modulation mechanism 956 
arranged with each PLIM. 

As shown, PLIB modulation mechanism 955 comprises: a temporal intensity modulation 
panel (i.e. high-speed optical shutter) 957 as shown in Figs. 1I14A and HUB; a stationary 
cylindrical lens array 958; and a micro-oscillating PLIB reflection element 959. As shown in 
Fig. 1I25J2, each PLIM 865A and 865B is pitched slightly relative to the optical axis of the IFD 
module 861 so that the PLIB 960 is transmitted perpendicularly through temporal intensity 
modulation panel 957, whereas the FOV of the image detection array 863 is disposed at a small 
acute angle relative to PUB 960 so that the PLIB and FOV (collectively 961) converge on the 
micro-oscillating mirror element 959 and the PLIB and FOV maintain a coplanar relationship as 
they are jointly micro-oscillated in planar and orthogonal directions during object illumination 
operations. As shown, these optical elements are configured together as an optical assembly, for 
the purpose of temporal intensity modulating the PLIB 960 uniformly along its planar extent 
while micro-oscillating PLIB 960 transversely along the direction orthogonal thereto. During 
iUumination operations, the PUB transmitted from each PLIM is temporal intensity modulated 
along the planar extent thereof and spatial phase modulated during micro-oscillation along the 
direction orthogonal thereto, thereby producing numerous substantially different time-varying 
speckle-noise patterns at the vertically-elongated image detection elements 864 during the 
photo-integration time period thereof. These numerous time-varying speckle-noise patterns are 
temporally, and spatially averaged during the photo-integration time period of the image 
detection array 863, thereby reducing the RMS power level of speckle-noise patterns observed 
at the image detection array. 

LnM-Based System With An In tegrated "H y brid - T ype" SporklP-PaHern Nois. Reduction 
g^g^^^^ OptiraHv-ReflerrivP Cavity Externally Attached To Earh VT n T^S 



- ~ i ' ~~ — . ^, ^,^, JVT A J Atvmuuy q t iciu. icu iu n acn v LL/ in 1 hp 



Temporally Incoherent PUB Component* Al o ne Us Planar Extent. A StaLidw^ 

pnc Arrav Onfi^alK/ C^mUl*™ a' J n • Tn_ 7Z — Z . * . »Y X 



indrical 



Lens Array Optically C o mbines And P r oj e cts The Te mporally TnrnW en t PT.TR rJL 
Onto Thp Samp Pninfc On TKn c-r*^ nc a~ r^: l t. n. m * . ; — : — tztz\ — " ^ 



IrCx tl o ' Ti . V ^ — . . 77 ~7 — ~**v- ^u r viauv miAJi ieiciit rup Lompnnp nk 



^ M "*ff ht R f^ n ! E "™"" Micro^rilla^ The P UB jSSigStejg 



AJong Said Transverse IWHon AnH A n^^J^^\l ^! 



\r u 1 1 t^i 1 — rT =r — 5 — t , , — ~ ' ' ^^^r >.. iq ^c i ^ cie^tiun Array witn 

VerfacaUy-Elongated Image Detection Elompnts D etects Tims-Varying Spprklp-N pise Patterns 



^mS^TST " and Spatial,Y Tnr ° hPrent PL1B M^ BBiS 



In Figs. 1I25K1 and 1I25K2, there is shown a PLHM-based system of the present 
invention 965 having speckle-pattern noise reduction capabilities embodied therein, which 
comprises: (i) an image formation and detection (IFD) module 861 mounted on an optical bench 
862 and having a linear (ID) CCD image sensor 863 with vertically-elongated image detection 



-237- 



Attorney Case No^^ 27USAOOO 




elements 864 characterized by a large height-to-width (H/W) aspect ratio; (ii) a PLIA 
compnsing a pair of planar laser illumination modules (PUMs) 865A" and 865B" mounted on 
the optical bench 862 on opposite sides of the IFD module 861; and (iii) a hybrid-type PLIB 
modulation mechanism 966 arranged with each PLIM. 

As shown, PLIB modulation mechanism 966 comprises an optically-reflective cavity (i e 
etalon) 967 attached external to each VLD 13 as shown in Fig, 1I17A and 1I17B; a stationary 
cylindrical lens array 968; and a micro-oscillating PLIB reflection element 969. As shown these 
ophcal components are configured together as an optical assembly, for the purpose of temporal 
mtensity modulating the PUB 970 uniformly along its planar extent while micro-osdUating the 
PLIB transversely along the direction orthogonal thereto. As shown in Fig. 1I25K2, each PLIM 
865A" and 865B" is pitched slightly relative to the optical axis of the IFD module 961 so that 
the PLIB 970 is transmitted perpendicularly through cylindrical lens array 968, whereas the 
FOV of the image detection array 863 is disposed at a small acute angle so that the PLIB and 
FOV converge on the micro-oscillating mirror element 968 so that the PLIB and FOV 
(collectively 971) maintain a coplanar relationship as they are jointly micro-oscillated in planar 
and_ orthogonal directions during object illumination operations. During illumination 
operations, the PLIB transmitted from each PLIM is temporal phase modulated along the planar 
extent thereof and spatial phase modulated during micro-oscillation along the direction 
orthogonal thereto, thereby producing numerous substantially different time-varying speckle- 
noise patterns at the vertically^longated image detection elements of the IFD Subsystem during 
the photo-integration time period thereof. These numerous time-varying speckle-noise patterns 
are temporally and spatially averaged during the photo-integration time period of the image 
detection array, thereby reducing the RMS power level of speckle-noise patterns observed at the 
image detection array. 




illumination ^LlBr^^ ^ Modu ated) Planar Ljg g 




In Figs. 1I25L1 and 1I25L2, there is shown a PLUM-based system of the present 
invention 975 having speckle-pattern noise reduction capabilities embodied therein, which 



-238- 




Attorney Case Nc^^ j!7USA00O 

comprises: (i) an image formation and detection (IFD) module 861 mounted on an optical bench 
862 and having a linear (ID) CCD image sensor 863 with vertically-elongated image detection 
elements 864 characterized by a large height-to-width (H/W) aspect ratio; (ii) a PLIA 
comprising a pair of planar laser illumination modules (PUMs) 865A and 865B mounted on the 
optical bench on opposite sides of the IFD module; and (iii) a hybrid-type PLIB modulation 
mechanism 976 arranged with each PUM in an integrated manner. 

As shown, the PLIB modulation mechanism 976 comprises: a visible mode-locked laser 
diode (MLLD) 977 as shown in Figs. 1I15A and 1I15D; a stationary cylindrical lens array 978; 
and a micro-oscillating PLIB reflection element 979. As shown in Fig. 1I25L2, each PUM 865A 
and 865B is pitched slightly relative to the optical axis of the IFD module 861 so that the PUB 
980 is transmitted perpendicularly through cylindrical lens array 978, whereas the FOV of the 
image detection array 863 is disposed at a small acute angle, relative to PLIB 980, so that the 
PLIB and FOV converge on the micro-oscillating mirror element 868 so that the PUB and FOV 
(collectively 981) maintain a coplanar relationship as they are jointly micro-oscillated in planar 
and orthogonal directions during object illumination operations. As shown, these optical 
components are configured together as an optical assembly, for the purpose of producing a 
temporal intensity modulated PUB while micro-oscillating the PLIB transversely along the 
direction orthogonal to its planar extent. During illumination operations, the PUB transmitted 
from each PLIM is temporal intensity modulated along the planar extent thereof and spatial 
phase modulated during micro-oscillation along the direction orthogonal thereto, thereby 
producing numerous substantially different time-varying speckle-noise patterns at the 
vertically-elongated image detection elements 864 during the photo-integration time period 
thereof. These numerous time-varying speckle-noise patterns are temporally and spatially 
averaged during the photo-integration time period of the image detection array 863, thereby 
reducing the RMS power level of speckle-noise patterns observed at the image detection array. 
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And Protects The Temporally Incoherent PT.TB Components Onto The Samp P nintc rv -re- 
surface Of An Object To Be Illuminated. And Wh erein A Mirro-Ocd llating T.iahf 
I ement Micro-Oscillates The PUB Transversely Alon f Tho Pirection nl^ i ^^l 
Planar Extent And PrnHiiroc qr, a ti a ii„ — \ dt tp V . _ ° oaiq 



Planar Extent And Produces .Spa t ially Incoherent PI IB Componpnfs A i ong Said TrJ^JL 
Direction And A Linear (ID) CCD Image Dp^ n Array With Vpr ti callv-Flnn^pH 
Detection Elements Dpfprtc Timo-V^rW c^ ii,, xt^:„ r,_f, r> , "I c "' n Bj" eq ""age 



Detection Elements Detects Time-Varvin f Sperk l e-Noise Partem* Produced B~v T bRL^ tZ 
And Spatial Incoherent PLIB Components Refl a ted /Scatter Off The Illumina ' tpH Dhy or* ? 7 



In Figs. 1I25M1 and 1I25M2, there is shown a PLUM-based system of the present 
invention 985 having speckle-pattern noise reduction capabilities embodied therein, which 
comprises: (i) an image formation and detection (IFD) module 861 mounted on an optical bench 
862 and having a linear (ID) CCD image sensor 863 with vertically-elongated image detection 
elements 864 characterized by a large height-to-width (H/W) aspect ratio; (ii) a PLIA 
comprising a pair of planar laser mumination modules (PLIMs) 865A and 865B mounted on the 
optical bench on opposite sides of the lFD module; and (iii) a hybrid-type PUB modulation 
mechanism 986 arranged with each PLTM in an integrated manner. 

As shown, PLIB modulation mechanism 986 comprises: a visible laser diode (VLD) 13 
continuously driven into a high-speed frequency hopping mode (as shown in Figs. 1I16A and 
1I15B); a stationary cylindrical lens array 986; and a micro-osculating PLIB reflection element 
987. As shown in Fig. 1I25M2, each PLIM 865A and 865B is pitched slightly relative to the 
optical axis of the IFD module 861 so that the PLIB 988 is transmitted perpendicularly through 
cylindrical lens array 986, whereas the FOV of the image detection array 863 is disposed at a 
small acute angle, relative to PLIB 988, so that the PLIB and FOV (collectively 988) converge on 
the micro-oscillating mirror element 987 so that the PLIB and FOV maintain a coplanar 
relationship as they are jointly micro-oscillated in planar and orthogonal directions during 
object mumination operations. As shown, these optical components are configured together as 
an optical assembly as shown, for the purpose of producing a temporal frequency modulated 
PLIB while micro-oscillating the PLIB transversely along the direction orthogonal to its planar 
extent. During illumination operations, the PLIB transmitted from each PUM is temporal 
frequency modulated along the planar extent thereof and spatial intensity modulated during 
micro-oscillation along the direction orthogonal thereto, thereby producing numerous 
substantially different time-varying speckle-noise patterns at the vertically-elongated image 
detection elements 864 during the photo-integration time period thereof. These numerous time- 
varying speckle-noise patterns are temporally and spatially averaged during the photo- 
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integration time period of *. image detection aray ^ 
of speckle-noise patterns observed at the image detection an-ay. 

^^a ^ea^ e^ " 'n r.n 

UU Mfxiniate rag ^^^^l^ ^^^^^i 

frhe Surface Of An Ofy -r T„ £ nKnTTTl 11 ^S^^ "" "F^ 
Wore gg Ip','^ * *™ 'Wrt, ■ i r ht Reflectiv e 

Direction , AnH A T ir>o ar n p\ r p n T ' n . nponents Alonp Said Tran^r< 

' - Election Elem -... r£Jllll ' ^'"Iton Haymr VerHcallJ.EI^, ,^ ^ 

.cohere Prm^^^^^^ 

In Figs. 1I25N, and U25N2, there is shown a PLIIM-based system of the present 
nventton ,5 having speckle-pattern noise reduction capabilities embodied therein whil 
fcompnses: (■) an image formation and detection (tPD) module 861 mounted on an optical bench 
B62 and having a linear (ID) CCD image sensor «, ^ ver«call y .l„„ g ated image detection 
*men,s 864 characterized by a .arge height-fo-widdr ,H/W, aspect rafio; (ii, a ^ 
comprising a pair of planar laser Ulumination modules (PUMs) 865A and 865B mounted on me 

TT I" ° PP0Si,e S ' deS °' " m ° dUlC; ^ <iU) 3 PUB -»***- 

rrecharusm 996 arranged with each PLIM in an integrated manner 

As shown, the PLIB modulation mechanism 996 comprises a rnicro^scillating spattal 
fctten*ty modrfiation array 9,7 as shown in Pigs. imiA through IBID, a stationary 
fcytadncal .ens array 998; and a micro-oscfflating PLIB refledion element 999. As shown in Fte 
IB* , each PUM 865A and 865B is pitched sHghtty relaHve to the opHcal axis of j£ 
«odu.e 861 so ma, the PLIB ,000 is transmitted perpendicularly through cylindrical lens array 
998, whereas fhe FOV of fhe image detection array 863 is disposed a, a small acute angle 
relate to PLIB ,000, so fha, the PUB and POV (coHecuvely ,00,, converge on the mil' 
osculating nurror element 999 so tha, fhe PLIB and FOV maJnbdn a coplanar relafionship as 
hey are jomtty rnicro-oscillated in planar and orthogonal directions during object iUuminadon 
operations. As shown, these optical components are configured together as an optica, assembly 
p- ft. purpose of producing a spatia, intensify modulated PUB while micrrvoscillafing the 
»>LIB teansversely along fire direction orthogonal to its planar extent During Uluminafion 
Operations, fire PUB transmitted from each PLIM is spatial intensity modulated a.ong fire 
(planar extent thereof and spatial phase modulated during micro^ciUation a!ong fire dtetion 
orthogonal ttrereto, thereby producing numerous substantially different time-varying speckfe. 
aorse patterns a, the verttcaUy^ongated image detection element of thelFD SubsiTm during 
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the photo-integrafion Hme period thereof. These numerous time-varying speckle-no,*, „ 
U temporal* and spaHally averaged during the photo-mtegradonte^ T£T 

ransmided PUB ,00! will he diffracted a, sligh di^eTanl d^ T" ^ 
■avelengm. For exampte, using Oris technique the p™ ^Z Zl T T " 
— along Ore Averse direcdon (or p.anar ZrJ^ZT^"^ 
uminadon operations. Therefore, such wavelengm^™ m l! ^ ^ 

■oduladon as we„ as spatL r^l^J^^E T" ^ 
-ungahybrid-typedespeckjjngs.heme. W ° U ' d 

^a^LaingJ^ar Image Be&Sflfflj nmr g .. wic3 „ v , F ,„ n .,^ 



If the heights of the PLIB and the FOV of fh* H„ 
:omparable in size in a PL1TM h* h * V detection a ™X are 

Hp Fnv UC m 3 PLIIM - base d system, then only a slight misalignment of the PUB and 
he FOV is reqiured to displace the PLIB from the FOV renderine a dTT u 
letector in th* PT ttm u j rendering a dark image at the image 

kM» a. PUIM-hased system. To use dus PUB/FOV alignment technique successful 
^mechanical parte required for posihoning the CCD linear image sensor and the vTdToTu!' 

The PUB/FOV misalignment problem described above can be solved using the PUM 
■ased unagmg engine design shown in Figs. 1I25A2 through 1I25N2 In J. , 7 
unea, image detecfor 863 with its vertcally-elongated ima« deZ , ^ "* 

conjunction with a PLIB ha™ k ■ u v * dementS 864 b ta 

, cnon wrm a "LIB having a height that is substantially smaHer than u • u. .,• 

of the magnified field of view (FOW n( >. • tel8h ' dun " Ki <»> 

detector sT-Thi. t« T """^ deteCH ° n elemew ta «" "-ear image 

detector 863. This condihon between the PUB and the FOV reduce, ,h» ,„i . 

of alignment tha, mus, be maintained between the FOV J^T **" 

Une of the PUB during pl a„ar ,aser ^ ^L^^ T f Z 

^ and laser cUss standpoint, or require me use of more powerful VLDs which are 
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expense to procure and requir e larger heat Smks to operate . 
based unagrng engine design shown in Figs 1I25A2 * u T ^ ' PUIM - 

alignment- because the FOV of the im a „ « , ^ """ Wi,hout "'^ing 

"alignment", i, „ ^ J^™* "7 S ' de °' ™>- By the fenn 

oi «. p Lra sufflciently overlap zi:z::™2 rr * *- 

distance) such that the image obtained is bright u P SpaCe (U WOTki «8 

A notable advantage derived when using this PUB/FOV r 
sacrifice in laser intensity is „ te be C !Tu^nv * - no 

k laser light from the illuminating PL1B 1* « " ^""^ '° aU " 

Uect, the total output power of Jp^^ 7 °' *°** «**• '° - 
applications. 7 ** IedUCed * or desired in particular 

r» -od de^Zve c :t ? ; ,e : ,y — - ~ - 

'lespedthng techniques. * PraCt,ced wi * or without such 

In a first illustrative embodiment, the PUB/mv r 
a linear CCD image detect array i — l^' T* ~* " ^ 
•e,cho„ elements (i.e. pixels, and unajL^^l^ 0 " ^ 
for example, 15X. fc ft* a* iUuslrative ^J** "■«*»»*■ *** of say, 

elements on me target obiect wo^t^i^' f "* *" °' "» ta * 
- M to be signincanUy smaller man this FOvtii d *" ** ^ °' 

^o^PUBwou.dha.tobe^;^^ 6 ^^^'^ 

— ; a ^ ccd — d — - 

— n factor ^the N^T ^^TS T" ' 
:cond alternative embodiment a PLTR frw a. * 6 3000 microns - In this 

embodiment! 

^ar image detector, bu, with angulT H \ . """ ffln0UW °' I *» ^ af *» 
ocus a pianarized laser beam to a few micros JT ^ * qUi,e dMc,ll, 10 

-243- 



10 



m 



0 

! : Ll 

m 
p 

iy 
25 



30 



35 



Attorney Case No^^ 



17USA000 




detection elements (i.e. pixels), the PLIB/FOV alignment method described above would be 
best applicable to PLIIM-based hand-held imaging applications as illustrated, for example in 
Figs. 1I25A2 through 1I25N2. In view of the fact that most industrial-type imaging systems 
reqmre hnear image sensors having six to eight thousand image detection elements the 
PLIB/FOV alignment method illustrated in Fig. 1B3 would be best applicable to PLIIM-based 
conveyor-mounted/industrial imaging systems as illustrated, for example, in Figs 9 through 
G2A. Depending on the optical path lengths required in the PLIIM-based POS imaging systems 
>hown in Figs. 33A through 34C, either of these PLIB/FOV alignment methods may be used 
vith excellent results. 



Second Alternative E mbodiment O f The PITTM-R^ SvstPm Of Th„ 
in rig. 1A 



Present Invention Shnwn 



In Fig. 1Q1, the second illustrative embodiment of the PLIIM-based system of Fig 1A 
indicated by reference numeral IB, is shown comprising: a 1-D type image formation and 
detection (IFD) module 3', as shown in Fig. 1B1; and a pair of planar laser illumination arrays 
•A and 6B . As shown, these arrays 6A and 6B are arranged in relation to the image formation 
nd detection module 3 so that the field of view thereof is oriented in a direction that is coplanar 
rth the planes of laser illumination produced by the planar illumination arrays, without using 
ny laser beam or field of view folding mirrors. One primary advantage of this system 
.rchitecture is that it does not require any laser beam or FOV folding mirrors, employs the few 
phcal surfaces, and maximizes the return of laser light, and is easy to align. However it is 
expected that this system design will most likely require a system housing having a height 
— nsxon which is greater than the height dimension required by the system design shown in 
r ig. 1B1. 

As shown in Fig. 1Q2, PLIIM-based system of Fig. 1Q1 comprises: planar laser 
Uumination arrays 6A and 6B, each having a plurality of planar laser illumination modules 
1A through 11F, and each planar laser iUumination module being driven by a VLD driver 
ircuit 18 embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. H15D 
'or current control purposes) and a microcontroller 764 being provided for controlling the 
>utput optical power thereof; a stationary cylindrical lens array 299 mounted in front of each 
»UA (6A, 6B) and ideally integrated therewith, for optically combining the individual PLIB 
:omponents produced from the PLIMs constituting the PLIA, and projecting the combined PUB 
:omponents onto points along the surface of the object being illuminated; linear-type image 
ormation and detection module 3 having an imaging subsystem with a fixed focal length 
waging lens, a fixed focal distance, and a fixed field of view, and 1-D image detection array 
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(e.g. Piranha Model Nos. CT-P4, or CL-P4 High-Speed CCD Line Scan Camera, from Dalsa, Inc 
USA-http://www.dalsa.com) for detecting 1-D line images formed thereon by the imaging 
subsystem; an image frame grabber 19 operably connected to the linear-type image formation 
and detection module 3, for accessing 1-D images (i.e. 1-D digital image data sets) therefrom 
and building a 2-D digital image of the object being illuminated by the planar laser Ulumination 
arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for buffering 2-D images received from 
the image frame grabber 19; an image processing computer 21, operably connected to the image 
data buffer 20, for carrying out image processing algorithms (including bar code symbol 
decoding algorithms) and operators on digital images stored within the image data buffer; and 
a camera control computer 22 operably connected to the various components within the system 
for controlling the operation thereof in an orchestrated manner. Preferably, the PLIIM-based 
system of Figs 1P1 and 102 is realized using the same or similar construction techniques shown 
in Figs. 1G1 through 112, and described above. 
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Fig,lA 

In Fig. 1R1, the third illustrative embodiment of the PLIIM-based system of Figs. 1A, 
indicated by reference numeral 1C, is shown comprising: a 1-D type image formation and 
detection (IFD) module 3 having a field of view (FOV), as shown in Fig. 1B1; a pair of planar 
laser illumination arrays 6A and 6B for producing first and second planar laser fflumination 
beams; and a pair of planar laser beam folding mirrors 37A and 37B arranged. The function of 
the planar laser illumination beam folding mirrors 37A and 37B is to fold the optical paths of 
the first and second planar laser illumination beams produced by the pair of planar iUumination 
arrays 37A and 37B such that the field of view (FOV) of the image formation and detection 
module 3 is aligned in a direction that is coplanar with the planes of first and second planar 
laser illumination beams during object illumination and imaging operations. One notable 
disadvantage of this system architecture is that it requires additional optical surfaces which can 
reduce the intensity of outgoing laser mumination and therefore reduce slightly the intensity of 
returned laser ulumination reflected off target objects. Also this system design requires a more 
complicated beam/FOV adjustment scheme. This system design can be best used when the 
planar laser illumination beams do not have large apex angles to provide sufficiently uniform 
illumination. In this system embodiment, the PLIMs are mounted on the optical bench as far 
back as possible from the beam folding mirrors, and cylindrical lenses with larger radiuses will 
be employed in the design of each PLIM. 
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As shown in Fig. 1R2, PUIM-based system 1C shown in Fig. 1R1 comprises: planar laser 
illumination arrays 6A and 6B, each having a plurality of planar laser ulumination modules 
(PLIMs) 6A, 6B, and each PLIM being driven by a VLD driver circuit 18 embodying a digitally- 
programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current control purposes) and 
a microcontroller 764 being provided for controlling the output optical power thereof; a 
stationary cylindrical lens array 299 mounted in front of each PLIA (6A, 6B) and ideallv 
integrated therewith, for optically combining the individual PLIB components produced from 
the PLIMs constituting the PLIA, and projecting the combined PLIB components onto points 
along the surface of the object being illuminated; linear-type image formation and detection 
module having an imaging subsystem with a fixed focal length imaging lens, a fixed focal 
distance, and a fixed field of view, and 1-D image detection array (e.g. Piranha Model Nos. CT- 
P4, or CL-P4 High-Speed CCD Line Scan Camera, from Dalsa, Inc. 
USA-http://www.dalsa.com) for detecting 1-D line images formed thereon by the imaging 
subsystem; pair of planar laser beam folding mirrors 37A and 37B arranged so as to fold the 
optical paths of the first and second planar laser illumination beams produced by the pair of 
planar Ulumination arrays 6A and 6B; an image frame grabber 19 operably connected to the 
linear-type image formation and detection module 3, for accessing 1-D images (i.e. 1-D digital 
image data sets) therefrom and building a 2-D digital image of the object being illuminated by 
the planar laser illumination arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for 
buffering 2-D images received from the image frame grabber 19; an image processing computer 
21, operably connected to the image data buffer 20, for carrying out image processing 
algorithms (including bar code symbol decoding algorithms) and operators on digital images 
stored within the image data buffer; and a camera control computer 22 operably connected to 
the various components within the system for controlling the operation thereof in an 
orchestrated manner. Preferably, the PLIIM system of Figs 1Q1 and 1Q2 is realized using the 
same or similar construction techniques shown in Figs. 1G1 through 112, and described above. 




In Fig. 1S1, the fourth illustrative embodiment of the PLHM-based system of Figs. 1A, 
indicated by reference numeral ID, is shown comprising: a 1-D type image formation and 
detection (IFD) module 3 having a field of view (FOV), as shown in Fig. 1B1; a pair of planar 
"laser illumination arrays 6A and 6B for producing first and second planar laser illumination 
beams; a field of view folding mirror 9 for folding the field of view (FOV) of the image 
formation and detection module 3 about 90 degrees downwardly; and a pair of planar laser 
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beam folding mirrors 37A and 37B arranged so as to fold the optical paths of the first and 
second planar laser illumination beams produced by the pair of planar illumination arrays 6A 
and 6B such that the planes of first and second planar laser illumination beams 7A and 7B are in 
a direction that is coplanar with the field of view of the image formation and detection module 
3. Despite inheriting most of the disadvantages associated with the system designs shown in 
Figs. 1B1 and 1R1, this system architecture allows the length of the system housing to be easily 
minimized, at the expense of an increase in the height and width dimensions of the system 
housing. 

As shown in Fig. 1S2, PLHM-based system ID shown in Fig. 1S1 comprises: planar laser 
illumination arrays (PLIAs) 6A and 6B, each having a plurality of planar laser illumination 
modules (PLIMs) 11A through 11F, and each PLIM being driven by a VLD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PLIA (6A, 6B) 
and ideally integrated therewith, for optically combining the individual PLIB components 
produced from the PLIMs constituting the PLIA, and projecting the combined PUB components 
onto points along the surface of the object being illuminated; linear-type image formation and 
detection module 3 having an imaging subsystem with a fixed focal length imaging lens, a fixed 
focal distance, and a fixed field of view, and 1-D image detection array (e.g. Piranha Model Nos. 
CT-P4, or CL-P4 High-Speed CCD Line Scan Camera, from Dalsa, Inc. 
USA — http:// www. dalsa.com) for detecting 1-D line images formed thereon by the imaging 
subsystem; a field of view folding mirror 9 for folding the field of view (FOV) of the image 
formation and detection module 3; a pair of planar laser beam folding mirrors 9 and 3 arranged 
so as to fold the optical paths of the first and second planar laser illumination beams produced 
by the pair of planar illumination arrays 37A and 37B; an image frame grabber 19 operably 
connected to the linear-type image formation and detection module 3, for accessing 1-D images 
(i.e. 1-D digital image data sets) therefrom and building a 2-D digital image of the object being 
illuminated by the planar laser illumination arrays 6A and 6B; an image data buffer (e.g. 
VRAM) 20 for buffering 2-D images received from the image frame grabber 19; an image 
processing computer 21, operably connected^ the image data buffer 20, for carrying out image 
processing algorithms (including bar code symbol decoding algorithms) and operators on 
digital images stored within the image data buffer; and a camera control computer 22 operably 
connected to the various components within the system for controlling the operation thereof in 
an orchestrated manner. Preferably, the PLIIM-based system of Figs 1S1 and 1S2 is realized 
using the same or similar construction techniques shown in Figs. 1G1 through 112, and 
described above. 
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Applications For The First Gener alized Embodiment Of The PTITM-Based Sy stem Of The 



Present In vention, and the Illustrative Embodiments Thereof 



Fixed focal distance type PLHM-based systems shown in Figs. 1B1 through 1U are ideal 
for applications in which there is little variation in the object distance, such as in a conveyor- 
type bottom scanner applications. As such scanning systems employ a fixed focal length 
imaging lens, the image resolution requirements of such applications must be examined 
carefully to determine that the image resolution obtained is suitable for the intended 
application. Because the object distance is approximately constant for a bottom scanner 
application (i.e. the bar code almost always is illuminated and imaged within the same object 
plane), the dpi resolution of acquired images will be approximately constant. As image 
resolution is not a concern in this type of scanning applications, variable focal length (zoom) 
control is unnecessary, and a fixed focal length imaging lens should suffice and enable good 
results. 

A fixed focal distance PLIIM system generally takes up less space than a variable or 
dynamic focus model because" more advanced focusing methods require more complicated 
optics and electronics, and additional components such as motors. For this reason, fixed focus 
PLHM-based systems are good choices for handheld and presentation scanners as indicated in 
Fig. 1U, wherein space and weight are always critical characteristics. In these applications, 
however, the object distance can vary over a range from several to a twelve or more inches, and 
so the designer must exercise care to ensure that the scanner's depth of field (DOF) alone will be 
sufficient to accommodate all possible variations in target object distance and orientation. Also, 
because a fixed focus imaging subsystem implies a fixed focal length camera lens, the variation 
in object distance implies that the dots per inch resolution of the image will vary as well. The 
focal length of the imaging lens must be chosen so that the angular width of the field of view 
(FOV) is narrow enough that the dpi image resolution will not fall below the minimum 
acceptable value anywhere within the range of object distances supported by the PUIM-based 
system. 

Second Generalized Embodiment Of The Planar La s er Illumination And FWt ronic ImatHng 
System Of The Present Invention ~ 6-6 



The second generalized embodiment of the PLHM-based system of the present invention 
11 is illustrated in Figs. 1V1 and 1V3. As shown in Fig. 1V1, the PLIIM-based system V 
comprises: a housing 2 of compact construction; a linear (i.e. 1-dimensional) type image 
formation and detection (IFD) module 3'; and a pair of planar laser illumination arrays (PUAs) 
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6A and 6B mounted on opposite sides of the IFD module 3'. During system operation, laser 
illumination arrays 6A and 6B each produce a planar beam of laser illumination 12' which 
synchronously moves and is disposed substantially coplanar with the field of view (FOV) of the 
image formation and detection module 3', so as to scan a bar code symbol or other graphical 
structure 4 disposed stationary within a 3-D scanning region. 

As shown in Figs. 1V2 and 1 V3, the PLIIM-based system of Fig. 1 VI comprises: an image 
formation and detection module 3* having an imaging subsystem 3B' with a fixed focal length 
imaging lens, a fixed focal distance, and a fixed field of view, and a 1-D image detection array 3 
(e.g. Piranha Model Nos. CT-P4, or CL-P4 High-Speed CCD Line Scan Camera, from Dalsa, Inc 
USA— http://www.dalsa.com) for detecting 1-D line images formed thereon by the imaging 
subsystem; a field of view sweeping mirror 9 operably connected to a motor mechanism 38 
under control of camera control computer 22, for folding and sweeping the field of view of the 
image formation and detection module 3; a pair of planar laser illumination arrays 6A and 6B 
for producing planar laser illumination beams (PLIBs) 7 A and 7B, wherein each VLD 11 is 
driven by a VLD drive circuit 18 embodying a digitally-programmable potentiometer (e.g. 763 
as shown in Fig. 1I15D for current control purposes) and a microcontroller 764 being provided 
for controlling the output optical power thereof; a stationary cylindrical lens array 299 mounted 
in front of each PLIA (6A, 6B) and ideally integrated therewith, for optically combining the 
individual PLIB components produced from the PLIMs constituting the PLIA, and projecting 
the combined PUB components onto points along the surface of the object being/ illuminated; a 
pair of planar laser illumination beam folding/sweeping mirrors 37A and 37B operably 
connected to motor mechanisms 39A and 39B, respectively, under control of camera control 
computer 22, for folding and sweeping the planar laser illumination beams 7A and 7B, 
respectively, in synchronism with the FOV being swept by the FOV folding and sweeping 
mirror 9; an image frame grabber 19 operably connected to the linear-type image formation and 
detection module 3, for accessing 1-D images (i.e. 1-D digital image data sets) therefrom and 
building a 2-D digital image of the object being illuminated by the planar laser illumination 
arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for buffering 2-D images received from 
the image frame grabber 19; an image processing computer 21, operably connected to the image 
data buffer 20, for carrying out image processing algorithms (including barxode symbol 
decoding algorithms) and operators on digital images stored within the image data buffer; and 
a camera control computer 22 operably connected to the various components within the system 
for controlling the operation thereof in an orchestrated manner. 

An image formation and detection (IFD) module 3 having an imaging lens with a fixed 
focal length has a constant angular field of view (FOV); that is, the farther the target object is 
located from the IFD module, the larger the projection dimensions of the imaging subsystem's 
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FOV become on the surface of the target object. A disadvantage to this type of imaging lens is 
that the resolution of the image that is acquired, in terms of pixels or dots per inch, varies as a 
function of the distance from the target object to the imaging lens. However, a fixed focal 
length imaging lens is easier and less expensive to design and produce than the alternative, a 
zoom-type imaging lens which will be discussed in detail hereinbelow with reference to Figs 
3A through 3J4. 

Each planar laser illumination module 6A through 6B in PLIIM-based system 1' is driven 
by a VLD driver circuit 18 under the camera control computer 22. Notably, laser illumination 
beam folding/sweeping mirror 37 A' and 38B', and FOV folding /sweeping mirror 9' are each 
rotatably driven by a motor-driven mechanism 38, 39A, and 39B, respectively, operated under 
the control of the camera control computer 22. These three mirror elements can be 
synchronously moved in a number of different ways. For example, the mirrors 37A', 37ET and 9' 
can be jointly rotated together under the control of one or more motor-driven mechanisms, or 
each mirror element can be driven by a separate driven motor which is synchronously 
controlled to enable the planar laser ulumination beams 7A, 7B and FOV 10 to move together in 
a spatially-coplanar manner during illumination and detection operations within the PIUM- 
based system. 

In accordance with the present invention, the planar laser illumination arrays 6A and 6B, 
the linear image formation and detection module 3, the folding/sweeping FOV mirror 9', and 
the planar laser illumination beam folding/sweeping mirrors 37A' and 37F employed in this 
generalized system embodiment, are fixedly mounted on an optical bench or chassis 8 so as to 
prevent any relative motion (which might be caused by vibration or temperature changes) 
between: (i) the image forming optics (e.g. imaging lens) within the image formation and 
detection module 3 and the FOV folding/sweeping mirror 9' employed therewith; and (ii) each 
planar laser illumination module (i.e. VLD/cylindrical lens assembly) and the planar laser 
illumination beam folding/sweeping mirrors 37A' and 37B' employed in this PLIIM system 
configuration. Preferably, the chassis assembly should provide for easy and secure alignment 
of all optical components employed in the planar laser ulumination arrays 6A' and 6B', beam 
folding/sweeping mirrors 37A' and 37B', the image formation and detection module 3 and FOV 
folding/sweeping mirror 9', as well as be easy to manufacture, service and repair. Also, this 
generalized PLIIM-based system embodiment 1' employs the general "planar laser 
illumination" and "focus beam at farthest object distance (FBAFOD)" principles described 
above. 
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Applications For The Second Generali zed Embodiment Of The PLIIM System Of The Prespnt 



Invention 



The fixed focal length PLHM-based system shown in Figs. 1V1-1V3 has a 3-D fixed field 
of view which, while spatially-aligned with a composite planar laser illumination beam 12 in a 
coplanar manner, is automatically swept over a 3-D scanning region within which bar code 
symbols and other graphical indicia 4 may be illuminated and imaged in accordance with the 
principles of the present invention. As such, this generalized embodiment of the present 
invention is ideally suited for use in hand-supportable and hands-free presentation type bar 
code symbol readers shown in Figs. 1V4 and 1V5, respectively, in which rasterlike-scanning (Le. 
up and down) patterns can be used for reading 1-D as well as 2-D bar code symbologies such as 
the PDF 147 symbology. In general, the PLHM-based system of this generalized embodiment 
may have any of the housing form factors disclosed and described in Applicants' copending US 
Application Nos. 09/204,176 entitled filed December 3, 1998 and 09/452,976 filed December 2, 
1999, and WIPO Publication No. WO 00/33239 published June 8, 2000, incorporated herein by 
reference. The beam sweeping technology disclosed in copending Application No. 08/931,691 
filed September 16, 1997, incorporated herein by reference, can be used to uniformly sweep 
both the planar laser illumination beam and linear FOV in a coplanar manner during 
illumination and imaging operations. 

Third Generalized Embo diment Of The PLDM-Based System Of The Present Tnvpntirm 



The third generalized embodiment of the PLHM-based system of the present invention 
40 is illustrated in Fig. 2A. As shown therein, the PLIIM system 40 comprises: a housing 2 of 
compact construction; a linear (i.e. 1 -dimensional) type image formation and detection (IFD) 
module 3' including a 1-D electronic image detection array 3A, a linear (1-D) imaging 
subsystem (LIS) 3B* having a fixed focal length, a variable focal distance, and a fixed field of 
view (FOV), for forming a 1-D image of an illuminated object located within the fixed focal 
distance and FOV thereof and projected onto the 1-D image detection array 3A, so that the 1-D 
image detection array 3A can electronically detect the image formed thereon and automatically 
produce a digital image data set 5 representative of the detected image for subsequent image 
processing; and a pair of planar laser iUumination arrays (PLIAs) 6A and 6B , each mounted on 
opposite sides of the IFD module 3', such that each planar laser illumination array 6A and 6B 
produces a composite plane of laser beam illumination 12 which is disposed substantially 
coplanar with the field view of the image formation and detection module 3' during object 
illumination and image detection operations carried out by the PLEM-based system. 
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In accordance with the present invention, the planar laser illumination arrays 6A and 6B, 
the linear image formation and detection module 3', and any non-moving FOV and/or planar 
laser illumination beam folding mirrors employed in any configuration of this generalized 
system embodiment, are fixedly mounted on an optical bench or chassis so as to prevent any 
relative motion (which might be caused by vibration or temperature changes) between: (i) the 
image forming optics (e.g. imaging lens) within the image formation and detection module 3' 
and any stationary FOV folding mirrors employed therewith; and (ii) each planar laser 
illumination module (i.e. VLD/cylindrical lens assembly) and any planar laser illumination 
beam folding mirrors employed in the PLIIM system configuration. Preferably, the chassis 
assembly should provide for easy and secure alignment of all optical components employed in 
the planar laser illumination arrays 6A and 6B as well as the image formation and detection 
module 3', as well as be easy to manufacture, service and repair. Also, this generalized PLIIM- 
based system embodiment 40 employs the general "planar laser illumination ,, and "focus beam 
at farthest object distance (FBAFOD)" principles described above. Various illustrative 
embodiments of this generalized PLUM-based system will be described below. 

An image formation and detection (IFD) module 3 having an imaging lens with variable 
focal distance, as employed in the PLHM-based system of Fig. 2A, can adjust its image distance 
to compensate for a change in the target's object distance; thus, at least some of the component 
lens elements in the imaging subsystem are movable, and the depth of field of the imaging 
subsystems does not limit the ability of the imaging subsystem to accommodate possible object 
distances and orientations. A variable focus imaging subsystem is able to move its components 
in such a way as to change the image distance of the imaging lens to compensate for a change in 
the target's object distance, thus preserving good focus no matter where the target object might 
be located. Variable focus can be accomplished in several ways, namely: by moving lens 
elements; moving imager detector/sensor; and dynamic focus. Each of these different methods 
will be summarized below for sake of convenience. 

Use Of Moving Lens Elements In The Image Formation And Detection Module 



The imaging subsystem in this generalized PLIIM^based system embodiment can 
employ an imaging lens which is made up of several component lenses contained in a common 
lens barrel. A variable focus type imaging lens such as this can move one or more of its lens 
elements in order to change the effective distance between the lens and the image sensor, which 
remains stationary. This change in the image distance compensates for a change in the object 
distance of the target object and keeps the return light in focus. The position at which the 
focusing lens element(s) must be in order to image light returning from a target object at a given 
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The imaging subsystem in this generalized PLHM-based system embodiment can be 
constructed so that all the lens elements remain stationary, with the imaging detector /sensor 
array being movable relative to the imaging lens so as to change the image distance of the 
imaging subsystem. The position at which the image detector/sensor must be located to image 
light returning from a target at a given object distance is determined by consulting a lookup 
table, which must be constructed ahead of time, either experimentally or by design software, 
well known in the art. 

Use Of Dynamic Focal Distance Control In The Image Formation And Detection MnH»1 0 
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object distance is determined by consulting a lookup table, which must be constructed ahead of 
time, either experimentally or by design software, well known in the optics art. 

Use Of An Moving Image Detection Arra y In The Image Formation And Detection MoH,,l 0 



The imaging subsystem in this generalized PLDM-based system embodiment can be 
designed to embody a "dynamic" form of variable focal distance (i.e. focus) control, which is an 
advanced form of variable focus control. In conventional variable focus control schemes, one 
focus (i.e. focal distance) setting is established in anticipation of a given target object. The object 
is imaged using that setting, then another setting is selected for the next object image, if 
necessary. However, depending on the shape and orientation of the target object, a single target 
object may exhibit enough variation in its distance from the imaging lens to make it impossible 
for a single focus setting to acquire a sharp image of the entire object. In this case, the imaging 
subsystem must change its focus setting while the object is being imaged. This adjustment does 
not have to be made continuously; rather, a few discrete focus settings will generally be 
sufficient. The exact number will depend on the shape and orientation of the package being 
imaged and the depth of field of the imaging subsystem used inthelFD module. 

It should be noted that dynamic focus control is only used with a linear image 
detection/ sensor array, as used in the system embodiments shown in Figs. 2A through 3J4. The 
reason for this limitation is quite clear: an area-type image detection array captures an entire 
image after a rapid number of exposures to the planar laser illumination beam, and although 
changing the focus setting of the imaging subsystem might clear up the image in one part of the 
detector array, it would induce blurring in another region of the image, thus failing to improve 
the overall quality of the acquired image. 
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iFirstlUustrarive EmbodimPnt Of The PT TT M-Based System Shown Tn Fi g 7 A 

The first mustrative embodiment of the PLHM-based system of Fig. 2A, indicated by 
Jreference numeral 40A, is shown in Fig. 2B1. As illustrated therein, the field of view of the 
jimage formation and detection module 3' and the first and second planar laser illumination 
seams 7 A and 7B produced by the planar illumination arrays 6A and 6B, respectively, are 
larranged in a substantially coplanar relationship during object illumination and image 
(detection operations. 

The PLHM-based system illustrated in Fig. 2B1 is shown in greater detail in Fig. 2B2. As 
shown therein, the linear image formation and detection module 3' is shown comprising an 
aging subsystem 3B', and a linear array of photo-electronic detectors 3A realized using CCD 
technology (e.g. Piranha Model Nos. CT-P4, or CL-P4 High-Speed CCD Line Scan Camera, from 
Dalsa, Inc. USA-http:// www.dalsa.com) for detecting 1-D line images (e.g. 6000 pixels, at a 
OMHZ scanning rate) formed thereon by the imaging subsystem 3B', providing an image 
[resolution of 200dpi or 8 pixels/mm, as the image resolution that results from a fixed focal 
length imaging lens is the function of the object distance (i.e. the longer the object distance, the 
jlower the resolution). The imaging subsystem 3B' has a fixed focal length imaging lens (e.g. 
80mm Pentax lens, F4.5), a fixed field of view (FOV), and a variable focal distance imaging 
capability (e.g. 36" total scanning range), and an auto-focusing image plane with a response 
tie of about 20-30 milliseconds over about 5mm working range. 

As shown, each planar laser illumination array (PLIA) 6A, 6B comprises a plurality of 
Jlanar laser illumination modules (PLJMs) 11A through 11F, closely arranged relative to each 
other, in a rectilinear fashion. As taught hereinabove, the relative spacing and orientation of 
each PLIM 11 is such that the spatial intensity distribution of the individual planar laser beams 
7 A, 7B superimpose and additively produce composite planar laser illumination beam 12 
(laving a substantially uniform power density distribution along the widthwise dimensions of 
' i laser miunination beam, throughout the entire working range of the PLHM-based system. 

As shown in Fig. 2C1, the PLDM system of Fig. 2B1 comprises: planar laser mummation 
rays 6A and 6B, each having a plurality of planar laser iJlumination modules 11A through 
|11F, and each planar laser illumination module being driven by a VLD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
?ower thereof; a stationary cylindrical lens array 299 mounted in front of each PLIA (6A, 6B) 1 
and ideally integrated therewith, for optically combining the individual PLIB components ! 
produced from the PLIMs constituting the PLIA, and projecting the combined PUB components 
onto points along the surface of the object being iUuminated; linear-type image formation and 
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detection module 3A; an image frame grabber 19 operably connected to the linear-type image 
formation and detection module 3A, for accessing 1-D images (i.e. 1-D digital image data sets) 
therefrom and building a 2-D digital image of the object being illuminated by the planar laser 
illumination arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for buffering 2-D images 
received from the image frame grabber 19; an image processing computer 21, operably 
connected to the image data buffer 20, for carrying out image processing algorithms (including 
bar code symbol decoding algorithms) and operators on digital images stored within the image 
data buffer; and a camera control computer 22 operably connected to the various components 
within the system for controlling the operation thereof in an orchestrated manner. 

Fig. 2C2 illustrates in greater detail the structure of the IFD module 3' used in the PLUM- 
based system of Fig. 2B1. As shown, the IFD module 3' comprises a variable focus fixed focal 
length imaging subsystem 3B' and a 1-D image detecting array 3A mounted along an optical 
bench 30 contained within a common lens barrel (not shown). The imaging subsystem 3B' 
comprises a group of stationary lens elements 3B' mounted along the optical bench before the 
image detecting array 3A, and a group of focusing lens elements 3B' (having a fixed effective 
focal length) mounted along the optical bench in front of the stationary lens elements 3 Air In a 
non-customized application, focal distance control can be provided by moving the 1-D image 
detecting array 3A back and forth along the optical axis with an optical element translator 3C in 
response to a first set of control signals 3E generated by the camera control computer 22, while 
the entire group of focal lens elements remain stationary. Alternatively, focal distance control 
can also be provided by moving the entire group of focal lens elements back and forth with 
translator 3C in response to a first set of control signals 3E generated by the camera control 
computer, while the 1-D image detecting array 3A remains stationary. In customized 
applications, it is possible for the individual lens elements in the group of focusing lens 
elements 3B* to be moved in response to control signals generated by the camera control 
computer 22. Regardless of the approach taken, an IFD module 3* with variable focus fixed 
focal length imaging can be realized in a variety of ways, each being embraced by the spirit of 
the present invention. 

Second Illustrative Embodiment Of The PLIIM-Based System Of The Present Invention Shown 



InFig.2A 



The second illustrative embodiment of the PLHM-based system of Fig. 2A, indicated by 
reference numeral 40B, is shown in Fig. 2D1 as comprising: an image formation and detection 
module 3' having an imaging subsystem 3B* with a fixed focal length imaging lens, a variable 
focal distance and a fixed field of view, and a linear array of photo-electronic detectors 3A 
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realized using CCD technology (e.g. Piranha Model Nos. CT-P4, or CL-P4 High-Speed CCD 
Line Scan Camera, from Dalsa, Inc. USA— http://www.dalsa.com) for detecting 1-D line 
images formed thereon by the imaging subsystem 3B"; a field of view folding mirror 9 for 
folding the field of view of the image formation and detection module 3'; and a pair of planar 
laser illumination arrays 6A and 6B arranged in relation to the image formation and detection 
module 3' such that the field of view thereof folded by the field of view folding mirror 9 is 
oriented in a direction that is coplanar with the composite plane of laser illumination 12 
produced by the planar illumination arrays, during object illumination and image detection 
operations, without using any laser beam folding mirrors. 

One primary advantage of this system design is that it enables a construction having an 
ultra-low height profile suitable, for example, in unitary package identification and 
dimensioning systems of the type disclosed in Figs. 17-22, wherein the image-based bar code 
symbol reader needs to be installed within a compartment (or cavity) of a housing having 
relatively low height dimensions. Also,.in this system design, there is a relatively high degree of 
freedom provided in where the image formation and detection module 3' can be mounted on 
the optical bench of the. system, thus enabling the field of view (FOV) folding technique 
disclosed in Fig. 1L1 to be practiced in a relatively easy manner. 

As shown in Fig. 2D2, the PLIIM-based system of Fig. 2D1 comprises: planar laser 
illumination arrays 6A and 6B, each having a plurality of planar laser illumination modules 11A 
through 11F, and each planar laser Mumination module being driven by a VLD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PLIA (6A, 6B) 
and ideally integrated therewith, for optically combining the individual PLIB components 
produced from the PLIMs constituting the PLIA, and projecting the combined PLIB components 
onto points along the surface of the object being illuminated; linear-type image formation and 
detection module 3'; a field of view folding mirror 9 for folding the field of view of the image 
formation and detection module 3'; an image frame grabber 19 operably connected to the linear- 
type image formation and detection module 3', for accessing 1-D images (i.e. 1-D digital image 
data sets) therefrom and building a 2-D digital image of the object being illuminated by the 
planar laser illumination arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for buffering 2- 
D images received from the image frame grabber 19; an image processing computer 21, 
operably connected to the image data buffer 20, for carrying out image processing algorithms 
(including bar code symbol decoding algorithms) and operators on digital images stored within 
the image data buffer; and a camera control computer 22 operably connected to the various 
components within the system for controlling the operation thereof in an orchestrated manner. 
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Fig. 2D2 illustrates in greater detail the structure of the IFD module 3' used in the PLDM- 
based system of Fig. 2D1. As shown, the IFD module 3' comprises a variable focus fixed focal 
length imaging subsystem 3B' and a l-D image detecting array 3A mounted along an optical 
bench 3D contained within a common lens barrel (not shown). The imaging subsystem 3B' 
comprises a group of stationary lens elements 3A' mounted along the optical bench before the 
image detecting array 3A', and a group of focusing lens elements 3B' (having a fixed effective 
focal length) mounted along the optical bench in front of the stationary lens elements 3A1. In a 
non-customized application, focal distance control can be provided by moving the l-D image 
detecting array 3A back and forth along the optical axis with a translator 3E, in response to a 
first set of control signals 3E generated by the camera control computer 22, while the entire 
group of focal lens elements remain stationary. Alternatively, focal distance control can also be 
provided by moving the entire group of focal lens elements 3B* back and forth with translator 
3C in response to a first set of control signals 3E generated by the camera control computer 22, 
while the l-D image detecting array 3A remains stationary. In customized applications, it is 
possible for the individual lens elements in the group of focusing lens elements 3B' to be moved 
in response to control signals generated by the camera control computer. Regardless of the 
approach taken, an IFD module 3' with variable focus fixed focal length imaging can be realized 
in a variety of ways, each being embraced by the spirit of the present invention. 

Third Illustrative Embodiment Of The PLDM-Based System Of The Present Invention Shown In 



Rg-2A 



The second illustrative embodiment of the PLHM-based system of Fig. 2A, indicated by 
reference numeral 40C, is shown in Fig. 2D1 as comprising: an image formation and detection 
module 3* having an imaging subsystem 3B' with a fixed focal length imaging lens, a variable 
focal distance and a fixed field of view, and a linear array of photo-electronic detectors 3A 
realized using CCD technology (e.g. Piranha Model Nos. CT-P4, or CL-P4 High-Speed CCD 
Line Scan Camera, from Dalsa, Inc. USA— http://www.dalsa.com) for detecting l-D line 
images formed thereon by the imaging subsystem 3B'; a pair of planar laser illumination arrays 
6A and 6B for producing first and second planar laser illumination beams 7 A, 7B, and a pair of 
planar laser beam folding mirrors 37A and 37B for folding the planes of the planar laser 
illumination beams produced by the pair of planar illumination arrays 6A and 6B, in a direction 
that is coplanar with the plane of the field of view of the image formation and detection during 
object illumination and image detection operations. 

The primary disadvantage of this system architecture is that it requires additional 
optical surfaces (i.e. the planar laser beam folding mirrors) which reduce outgoing laser light 
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and therefore the return laser light slightly. Also this embodiment requires a complicated 
beam/FOV adjustment scheme. Thus, this system design can be best used when the planar laser 
illumination beams do not have large apex angles to provide sufficiently uniform Mumination. 
Notably, in this system embodiment, the PLIMs are mounted on the optical bench 8 as far back 
as possible from the beam folding mirrors 37A, 37B, and cylindrical lenses 16 with larger 
radiuses will be employed in the design of each PLIM 11. 

As shown in Fig. 2E2, the PLIIM-based system of Fig. 2E1 comprises: planar laser 
illumination arrays 6A and 6B, each having a plurality of planar laser illumination modules 11A 
through 11F, and each planar laser illumination module being driven by a VXD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PLIA (6A, 6B> 
and ideally integrated therewith, for optically combining the individual PLIB components 
produced from the PLIMs constituting the PLIA, and projecting the combined PLIB components 
onto points along the surface of the object being illuminated; linear-type image formation and 
detection module 3'; a field of view folding mirror 9 for folding the field of view of the image 
formation and detection module 3'; an image frame grabber 19 operably connected to the linear- 
type image formation and detection module 3A, for accessing 1-D images (i.e. 1-D digital image 
data sets) therefrom and building a 2-D digital image of the object being illuminated by the 
planar laser Ulumination arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for buffering 2- 
D images received from the image frame grabber 19; an image processing computer 21, 
operably connected to the image data buffer 20, for carrying out image processing algorithms 
(including bar code symbol decoding algorithms) and operators on digital images stored within 
the image data buffer; and a camera control computer 22 operably connected to the various 
components within the system for controlling the operation thereof in an orchestrated manner. 

Fig. 2E3 illustrates in greater detail the structure of the IFD module 3' used in the PLIIM- 
based system of Fig. 2E1. As shown, the IFD module 3* comprises a variable focus fixed focal 
length imaging subsystem 3B' and a 1-D image detecting array 3A mounted along an optical 
bench 3D contained within a common lens barrel (not shown). The imaging subsystem 3B' 
comprises a group of stationary lens elements 3A1 mounted along the optical bench before the 
image detecting array 3A, and a group of focusing lens elements 3B' (having a fixed effective 
focal length) mounted along the optical bench in front of the stationary lens elements 3A1. In a 
non-customized application, focal distance control can be provided by moving the 1-D image 
detecting array 3A back and forth along the optical axis in response to a first set of control 
signals 3E generated by the camera control computer 22, while the entire group of focal lens 
elements 3B' remain stationary. Alternatively, focal distance control can also be provided by 
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moving the entire group of focal lens elements 3B' back and forth with translator 3C in response 
to a first set of control signals 3E generated by the camera control computer 22, while the 1-D 
image detecting array 3A remains stationary. In customized applications, it is possible for the 
individual lens elements in the group of focusing lens elements 3B 1 to be moved in response to 
control signals generated by the camera control computer 22. Regardless of the approach taken, 
an IFD module 3" with variable focus fixed focal length imaging can be realized in a variety of 
ways, each being embraced by the spirit of the present invention. 

Fourth Illustrative Embodiment Of The PLITM-Based System Of Th e Present Inv^nti™ gfegwij 



InFig.2A 



The fourth illustrative embodiment of the PLHM-based system of Fig. 2A, indicated by 
reference numeral 40D, is shown in Fig. 2F1 as comprising: an image formation and detection 
module 3' having an imaging subsystem 3B' with a fixed focal length imaging lens, a variable 
focal distance and a fixed field of view, and a linear array of photo-electronic detectors 3A 
realized using CCD technology (e.g. Piranha Model Nos. CT-P4, or CL-P4 High-Speed CCD 
Line Scan Camera, from Dalsa, Inc. USA— http://www.dalsa.com) for detecting 1-D line 
images formed thereon by the imaging subsystem 3B'; a field of view folding mirror 9 for 
folding the FOV of the imaging subsystem 3B'; a pair of planar laser ulumination arrays 6A and 
6B for producing first and second planar laser illumination beams; and a pair of planar laser 
beam folding mirrors 37A and 37B arranged in delation to the planar laser illumination arrays 
6A and 6B so as to fold the optical paths of the first and second planar laser illumination beams 
7 A, 7B in a direction that is coplanar with the folded FOV of the image formation and detection 
module 3', during object illumination and image detection operations. 

As shown in Fig. 2F2, the PLIIM system 40D of Fig. 2F1 further comprises: planar laser 
illumination arrays 6A and 6B, each having a plurality of planar laser illumination modules 11A 
through 11B, and each planar laser illumination module being driven by a VLD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PLIA (6A, 6B) 
and ideally integrated therewith, for optically Combining the individual PLIB components 
produced from the PLIMs constituting the PLIA, and projecting the combined PLIB components 
onto points along the surface of the object being illuminated; linear-type image formation and 
detection module 3'; a field of view folding mirror 9 for folding the field of view of the image 
formation and detection module 3"; an image frame grabber 19 operably connected to the linear- 
type image formation and detection module 3A, for accessing 1-D images (i.e. 1-D digital image 
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data sets) therefrom and building a 2-D digital image of the object being illuminated by the 
planar laser illumination arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for buffering 2- 
D images received from the image frame grabber 19; an image processing computer 21, 
operably connected to the image data buffer 20, for carrying out image processing algorithms 
(including bar code symbol decoding algorithms) and operators on digital images stored within 
the image data buffer; and a camera control computer 22 operably connected to the various 
components within the system for controlling the operation thereof in an orchestrated manner. 

Fig. 2F3 illustrates in greater detail the structure of the EFD module 3" used in the PUIM- 
based system of Fig. 2F1. As shown, the IFD module 3' comprises a variable focus fixed focal 
length imaging subsystem 3B 1 and a 1-D image detecting array 3A mounted, along an optical 
bench 3D contained within a common lens barrel (not shown). The imaging subsystem 3B' 
comprises a group of stationary lens elements 3A1 mounted along the optical bench 3D before 
the image detecting array 3A, and a group of focusing lens elements 3B' (having a fixed effective 
focal length) mounted along the optical bench in front of the stationary lens elements 3A1. In a 
non-customized application, focal distance control can be provided by moving the 1-D image 
detecting array 3A back and forth along the optical axis with translator 3C in response to a first 
set of control signals 3E generated by the camera control computer 22, while the entire group of 
focal lens elements 3B" remain stationary. Alternatively, focal distance control can also be 
provided by moving the entire group of focal lens elements 3B 1 back and forth with translator 
3C in response to a first set of control signals 3E generated by the camera control computer 22, 
while the 1-D image detecting array 3A remains stationary. In customized applications, it is 
possible for the individual lens elements in the group of focusing lens elements 3B' to be moved 
in response to control signals generated by the camera control computer 22. Regardless of the 
approach taken, an IFD module with variable focus fixed focal length imaging can be realized in 
a variety of ways, each being embraced by the spirit of the present invention. 

Applications For The Third General ized Embodiment Of The PT.ITM-Ra^d System Of Tte 



Present Invention, and the Illustrative Embodiments Theiyof 



As the PLHM-based systems shown in Figs. 2A through 2F3 employ an IFD module 3' 
having a linear image detecting array and an imaging subsystem having variable focus (i.e. 
focal distance) control, such PLUM-based systems are good candidates for use in a conveyor top 
scanner application, as shown in Figs. 2G, as the variation in target object distance can be up to 
a meter or more (from the imaging subsystem). In general, such object distances are too great a 
range for the depth of field (DOF) characteristics of the imaging subsystem alone to 
accommodate such object distance parameter variations during object illumination and imaging 
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operations. Provision for variable focal distance control is generally sufficient for the conveyor 
top scanner application shown in Fig. 2G, as the demands on the depth of field and variable 
focus or dynamic focus control characteristics of such PUIM-based system are not as severe in 
the conveyor top scanner application, as they might be in the conveyor side scanner application, 
also illustrated in Fig. 2G. 

Notably, by adding dynamic focusing functionality to the imaging subsystem of any of 
the embodiments shown in Figs. 2A through 2F3, the resulting PLHM-based system becomes 
appropriate for the conveyor side-scanning application discussed above, where the demands on 
the depth of field and variable focus or dynamic focus requirements are greater compared to a 
conveyor top scanner application. 

Fourth Generalized Embodiment Of The PLIIM System Of The Present Invention 
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The fourth generalized embodiment of the PLIIM-based system 40' of the present 
invention is illustrated in Figs. 211 and 212. As shown in Fig. 211, the PLIIM-based system 40' 
comprises: a housing 2 of compact construction; a linear (i.e. 1 -dimensional) type image 
formation and detection (IFD) module 3'; and a pair of planar laser illumination arrays (PLIAs) 
6A and 6B mounted on opposite sides of the IFD module 3'. During system operation, laser 
illumination arrays 6A and 6B each produce a moving planar laser illumination beam 12' which 
synchronously moves and is disposed substantially coplanar with the field of view (FOV) of the 
image formation and detection module 3', so as to scan a bar code symbol or other graphical 
structure 4 disposed stationary within a 3-D scanning region. 

As shown in Figs. 212 and 213, the PLIIM-based system of Fig. 211 comprises: an image 
formation and detection module 3' having an imaging subsystem 3B' with a fixed focal length 
imaging lens, a variable focal distance and a fixed field of view, and a linear array of photo- 
electronic detectors 3A realized using CCD technology (e.g. Piranha Model Nos. CT-P4, or CL- 
P4 High-Speed CCD Line Scan Camera, from Dalsa, Inc. USA — http://www.dalsa.com) for 
detecting 1-D line images formed thereon by the imaging subsystem 3B'; a field of view folding 
and sweeping mirror 9' for folding and sweeping the field of view 10 of the image formation 
and detection module 3'; a pair of planar laser illumination arrays 6A and 6B for producing 
planar laser illumination beams 7 A and 7B, wherein each VLD 11 is driven by a VLD driver 
circuit 18 embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D 
for current control purposes) and a microcontroller 764 being provided for controlling the 
output optical power thereof; a stationary cylindrical lens array 299 mounted in front of each 
PLIA (6A, 6B) and ideally integrated therewith, for optically combining the individual PLIB 
components produced from the PLIMs constituting the PLIA, and projecting the combined PLIB 
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components onto points along the surface of the object being illuminated; a pair of planar laser 
illumination beam sweeping mirrors 37 A! and 37B' for folding and sweeping the planar laser 
illumination beams 7 A and 7B, respectively, in synchronism with the FOV being swept by the 
FOV folding and sweeping mirror 9'; an image frame grabber 19 operably connected to the 
linear-type image formation and detection module 3A, for accessing 1-D images (i.e. 1-D digital 
image data sets) therefrom and building a 2-D digital image of the object being illuminated by 
the planar laser illumination arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for 
buffering 2-D images received from the image frame grabber 19; an image processing computer 
21, operably connected to the image data buffer 20, for carrying out image processing 
algorithms (including bar code symbol decoding algorithms) and operators on digital images 
stored within the image data buffer; and a camera control computer 22 operably connected to 
the various components within the system for controlling the operation thereof in an 
orchestrated manner. As shown in Fig. 2F2, each planar laser illumination module 11A through 
11F, is driven by a VLD driver circuit 18 under the camera control computer 22. Notably, laser 
illumination beam folding /sweeping mirrors 37 A and 376', and FOV folding/sweeping minor 
9 r are each rotatably driven by a motor-driven mechanism 39 A, 39B, 38, respectively, operated 
under the control of the camera control computer 22. These three mirror elements can be 
synchronously moved in a number of different ways. For example, the mirrors 37A', 37B' and 9' 
can be jointly rotated together under the control of one or more motor-driven mechanisms, or 
each mirror element can be driven by a separate driven motor which are synchronously 
controlled to enable the composite planar laser illumination beam and FOV to move together in 
a spatially-coplanar manner during illumination and detection operations within the PUIM 
system. 

Fig. 214 illustrates in greater detail the structure of the IFD module 3* used in the PLDM- 
based system of Fig. 211. As shown, the EFD module 3' comprises a variable focus fixed focal 
length imaging subsystem 3B f and a 1-D image detecting array 3A mounted along an optical 
bench 3D contained within a common lens barrel (not shown). The imaging subsystem 3B* 
comprises a group of stationary lens elements 3A1 mounted along the optical bench before the 
image detecting array 3A, and a group of focusing lens elements 3B* (having a fixed effective 
focal length) mounted along the optical bench in front of the stationary lens elements 3A1. In a 
non-customized application, focal distance control can be provided by moving the 1-D image 
detecting array 3A back and forth along the optical axis in response to a first set of control 
signals 3E generated by the camera control computer 22, while the entire group of focal lens 
elements 3B' remain stationary. Alternatively, focal distance control can also be provided by 
moving the entire group of focal lens elements 3B' back and forth with a translator 3C in 
response to a first set of control signals 3E generated by the camera control computer 22, while 
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the 1-D image detecting array 3A remains stationary. In customized applications, it is possible 
for the individual lens elements in the group of focusing lens elements 3B' to be moved in 
response to control signals generated by the camera control computer 22. Regardless of the 
approach taken, an IFD module 3' with variable focus fixed focal length imaging can be realized 
in a variety of ways, each being embraced by the spirit of the present invention. 

In accordance with the present invention, the planar laser illumination arrays 6A and 6B 
the linear image formation and detection module 3', the folding/sweeping FOV mirror 9' and 
the planar laser iUumination beam folding/sweeping mirrors 37A' and 37F employed in this 
generalized system embodiment, are fixedly mounted on an optical bench or chassis 8 so as to 
prevent any relative motion (which might be caused by vibration or temperature changes) 
etween: (i) the image forming optics (e.g. imaging lens) within the image formation and 
letection module 3' and the FOV folding/sweeping mirror 9' employed therewith; and (ii) each 
>lanar laser illumination module (i.e. VLD/cylindrical lens assembly) and the planar laser 
llumination beam folding/sweeping mirrors 37A' and 37F employed in this PLHM-based 
ystem configuration. Preferably, the chassis assembly should provide for easy and secure 
*gnment<rf all optical components employed in the planar laser mumination arrays 6A and 6B 
beam folding/sweeping mirrors 37A' and 37B', the image formation and detection module 3 
nd FOV folding/sweeping mirror 9', as well as be easy to manufacture, service and repair 
lso, this generalized PLIIM system embodiment 40' employs the general "planar laser 
llumination" and "focus beam at farthest object distance (FBAFOD)" principles described 
\bove. 

^tio^ The Fourth general^ Embodiment Of The PITTM-B^H System ™ ^ 



As the PLHM-based systems shown in Figs. 211 through 214 employ (i) an IFD module 
taving a linear image detecting array and an imaging subsystem having variable focus (ie 
focal distance) control, and (ii) a mechanism for automatically sweeping both the planar (2-D) 
W and planar laser mumination beam through a 3-D scanning field in an "up and down" 
>attern while maintaining the inventive principle of "laser-beam/FOV coplanarity" disclosed 
terein, such PLHM-based systems are good candidates for use in a hand-held scanner 
ipphcation, shown in Figs. 215, and the hands-free presentation scanner application illustrated 
n Fig. 216. The provision of variable focal distance control in these illustrative PLHM-based 
lystems is most sufficient for the hand-held scanner application shown in Fig. 215, and 
presentation scanner application shown in Figs. 216, as the demands placed on the depth of field 
- J variable focus control characteristics of such systems will not be severe. 
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Fifth Generalized Embodim ent Of The PLTIM-Based System Of The Present Invpnti, 



on 



The fifth generalized embodiment of the PLHM-based system of the present invention, 
indicated by reference numeral 50, is illustrated in Fig. 3A. As shown therein, the PLIIM system 
50 comprises: a housing 2 of compact construction; a linear (i.e. 1 -dimensional) type image 
formation and detection (IFD) module 3" including a 1-D electronic image detection array 3A, a 
linear (1-D) imaging subsystem (LIS) 3B" having a variable focal length, a variable focal 
distance, and a variable field of view (FOV), for forming a 1-D image of an illuminated object 
located within the fixed focal distance and FOV thereof and projected onto the 1-D image 
detection array 3A, so that the 1-D image detection array 3A can electronically detect the image 
formed thereon and automatically produce a digital image data set 5 representative of the 
detected image for subsequent image processing; and a pair of planar laser Ulumination arrays 
(PLIAs) 6A and 6B, each mounted on opposite sides of the IFD module 3", such that each planar 
laser mumination array 6A and 6B produces a plane of laser beam mumination 7 A, 7B which is 
disposed substantially coplanar with the field view of the image formation and detection 
module 3" during object illumination and image detection operations carried out by the PLHM- 
based system. 

In the PLIIM-based system of Fig. 3A, the linear image formation and detection (IFD) 
module 3" has an imaging lens with a variable focal length (i.e v a zoom-type imaging lens) 3B1, 
that has a variable angular field of view (FOV); that is, the farther the target object is located 
from the IFD module, the larger the projection dimensions of the imaging subsystem's FOV 
become on the surface of the target object. A zoom imaging lens is capable of changing its focal 
length, and therefore its angular field of view (FOV) by moving one or more of its component 
lens elements. The position at which the zooming lens elements) must be in order to achieve a 
given focal length is determined by consulting a lookup table, which must be constructed ahead 
of time either experimentally or by design software, in a manner well known in the art An 
advantage to using a zoom lens is that the resolution of the image that is acquired, in terms of 
pixels or dots per inch, remains constant no matter what the distance from the target object to 
the lens. However, a zoom camera lens is more difficult and more expensive to design and 
produce than the alternative, a fixed focal length camera lens. 

The image formation and detection (IFD) module 3" in the PLIIM-based system of Fig. 
3A also has an imaging lens 3B2 with variable focal distance, which can adjust its image 
distance to compensate for a change in the target's object distance. Thus, at least some of the 
component lens elements in the imaging subsystem 3B2 are movable, and the depth of field 
(DOF) of the imaging subsystem does not limit the ability of the imaging subsystem to 
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accommodate possible object distances and orientations. This variable focus imaging 
subsystem 3B2 is able to move its components in such a way as to change the image distance of 
the imaging lens to compensate for a change in the target's object distance, thus preserving 
good image focus no matter where the target object might be located. This variable focus 
technique can be practiced in several different ways, namely: by moving lens elements in the 
imaging subsystem; by moving the image detection/sensing array relative to the imaging lens; 
and by dynamic focus control. Each of these different methods has been described in detail 
above. 

In accordance with the present invention, the planar laser ulumination arrays 6A and 6B 
the image formation and detection module 3" are fixedly mounted on an optical bench or 
chassis assembly 8 so as to prevent any relative motion between (i) the image forming optics 
(e.g. camera lens) within the image formation and detection module 3" and (ii) each planar laser 
illumination module (i.e. VLD/cylindrical lens assembly) employed in the PLHM-based system 
which might be caused by vibration or temperature changes. Preferably, the chassis assembly 
should provide for easy and secure alignment of all optical components employed in the planar 
laser ulumination arrays 6A and 6B as well as the image formation and detection module 3", as 
well as be easy to manufacture, service and repair. Also, this PUIM-based system employs the 
general "planar laser illumination" and "FBAFOD" principles described above. 

|irst 3 Dlu strative Embodiment Of The PLDM-Based System Of Th* IWn t Invention Shown in 



The first illustrative embodiment of the PLHM-Based system of Fig. 3A, indicated by 
reference numeral 50A, is shown in Fig. 3B1. As illustrated therein, the field of view of the 
image formation and detection module 3" and the first and second planar laser illumination 
beams 7A and 7B produced by the planar illumination arrays 6A and 6B, respectively, are 
arranged in a substantially coplanar relationship during object illumination and image 
detection operations. 

The PLHM-based system 50A illustrated in Fig. 3B1 is shown in greater detail in Fig. 
3B2. As shown therein, the linear image formation and detection module 3" is shown 
comprising an imaging subsystem 3B", and a linear array of photo-electronic detectors 3A 
realized using CCD technology (e.g. Piranha Model Nos. CT-P4, or CL-P4 High-Speed CCD 
Line Scan Camera, from Dalsa, Inc. USA— http://www.dalsa.com) for detecting 1-D line 
images formed thereon by the imaging subsystem 3B". The imaging subsystem 3B" has a 
variable focal length imaging lens, a variable focal distance and a variable field of view. As 
shown, each planar laser illumination array 6A, 6B comprises a plurality of planar laser 
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illumination modules (PLIMs) 11A through 11F, closely arranged relative to each other, in a 
rectilinear fashion. As taught hereinabove, the relative spacing of each PLIM 11 in the 
illustrative embodiment is such that the spatial intensity distribution of the individual planar 
laser beams superimpose and additively provide a composite planar case illumination beam 
having substantially uniform composite spatial intensity distribution for the entire planar laser 
illumination array 6A and 6B. 

As shown in Fig. 3C1, the PLIIM-based system 50A of Fig. 3B1 comprises: planar laser 
iUumination arrays 6A and 6B, each having a plurality of planar laser wumination modules 11A 
through 11F, and each planar laser illumination module being driven by a VLD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PLIA (6A, 6B) 
and ideally integrated therewith, for optically combining the individual PLIB components 
produced from the PLIMs constituting the PLIA, and projecting the combined PLIB components 
onto points along the surface of the object being illuminated; linear-type image formation and 
detection module 3"; an image frame grabber 19 operably connected to the linear-type image 
formation and detection module 3A, for accessing 1-D images (i.e. 1-D digital image data sets) 
therefrom and building a 2-D digital image of the object being illuminated by the planar laser 
Ulumination arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for buffering 2-D images 
received from the image frame grabber 19; an image processing computer 21, operably 
connected to the image data buffer 20, for carrying out image processing algorithms (including 
bar code symbol decoding algorithms) and operators on digital images stored within the image 
data buffer; and a camera control computer 22 operably connected to the various components 
within the system for controlling the operation thereof in an orchestrated manner. 

Fig. 3C2 illustrates in greater detail the structure of the IFD module 3" used in the 
PLIIM-based system of Fig. 3B1. As shown, the IFD module 3" comprises a variable focus 
variable focal length imaging subsystem 3B" and a 1-D image detecting array 3A mounted 
along an optical bench 3D contained within a common lens barrel (not shown). In general, the 
imaging subsystem 3B' comprises: a first group of focal lens elements 3A1 mounted stationary 
relative to the image detecting array 3A; a second group of lens elements 3B2, functioning as a 
focal lens assembly, movably mounted along the optical bench in front of the first group of 
stationary lens elements 3A1; and a third group of lens elements 3B1, functioning as a zoom 
lens assembly, movably mounted between the second group of focal lens elements and the first 
group of stationary focal lens elements 3A1. In a non-customized application, focal distance 
control can also be provided by moving the second group of focal lens elements 3B2 back and 
forth with translator XI in response to a first set of control signals generated by the camera 
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control computer 22, while the 1-D image detecting array 3A remains stationary. Alternatively, 
focal distance control can be provided by moving the 1-D image detecting array 3A back and 
forth along the optical axis with translator 3C1 in response to a first set of control signals 3E2 
generated by the camera control computer 22, while the second group of focal lens elements 3B2 
remain stationary. For zoom control (i.e. variable focal length control), the focal lens elements 
in the third group 3B2 are typically moved relative to each other with translator 3C1 in response 
to a second set of control signals 3E2 generated by the camera control computer 22. Regardless 
of the approach taken in any particular illustrative embodiment, an IFD module with variable 
focus variable focal length imaging can be realized in a variety of ways, each being embraced by 
the spirit of the present invention. 

A first preferred implementation of the image formation and detection (IFD) subsystem 
of Fig. 3C2 is shown in Fig. 3D1. As shown in Fig. 3D1, IFD subsystem 3" comprises: an optical 
bench 3D having a pair of rails, along which mounted optical elements are translated; a linear 
CCD-type image detection array 3A (e.g. Piranha Model Nos. CT-P4, or CL-P4 High-Speed 
CCD Line Scan Camera, from Dalsa, Inc. USA— http://www.dalsa.com) fixedly mounted to 
one end of the optical bench; a system of stationary lenses 3A1 fixedly mounted before the 
CCD-type linear image detection array 3A; a first system of movable lenses 3B1 slidably 
mounted to the rails of the optical bench 3D by a set of ball bearings, and designed for stepped 
movement relative to the stationary lens subsystem 3A1 with translator 3C1 in automatic 
response to a first set of control signals 3E1 generated by the camera control computer 22; and a 
second system of movable lenses 3B2 slidably mounted to the rails of the optical bench by way 
of a second set of ball bearings, and designed for stepped movements relative to the first system 
of movable lenses 3B with translator 3C2 in automatic response to a second set of control signals 
3D2 generated by the camera control computer 22. As shown in Fig. 3D, a large stepper wheel 
42 driven by a zoom stepper motor 43 engages a portion of the zoom lens system 3B1 to move 
the same along the optical axis of the stationary lens system 3A1 in response to control signals 
3C1 generated from the camera control computer 22. Similarly, a small stepper wheel 44 driven 
by a focus stepper motor 45 engages a portion of the focus lens system 3B2 to move the same 
along the optical axis of the stationary lens system 3A1 in response to control signals 3E2 
generated from the camera control computer 22. 

A second preferred implementation of the IFD subsystem of Fig. 3C2 is shown in Figs. 
3D2 and 3D3. As shown in Figs. 3D2 and 3D3, IFD subsystem 3" comprises: an optical bench 
(i.e. camera body) 400 having a pair of side rails 401A and 401B, along which mounted optical 
elements are translated; a linear CCD-type image detection array 3A (e.g. Piranha Model Nos. 
CT-P4, or CL-P4 High-Speed CCD Line Scan Camera, from Dalsa, Inc. 
USA—http:// www.dalsa.com) rigidly mounted to a heat sinking structure 1100 and the rigidly 
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connected camera body 400, using the image sensor chip mounting arrangement illustrated in 
Figs. 3D4 through 3D7, and described in detail hereinbelow; a system of stationary lenses 3A1 
fixedly mounted before the CCD-type linear image detection array 3A; a first movable (zoom) 
lens system 402 including a first electrical rotary motor 403 mounted to the camera body 400, 
an arm structure 404 mounted to the shaft of the motor 403, a first lens mounting fixture 405 
(supporting a zoom lens group) 406 slidably mounted to camera body on first rail structure 
401A, and a first linkage member 407 pivotally connected to a first slidable lens mount 408 and 
the free end of the first arm structure 404 so that as the first motor shaft rotates, the first slidable 
lens mount 405 moves along the optical axis of the imaging optics supported within the camera 
body; a second movable (focus) lens system 410 including a second electrical rotary motor 411 
mounted to the camera body 400, a second arm structure 412 mounted to the shaft of the 
second motor 411, a second lens mounting fixture 413 (supporting a focal lens group 414) 
slidably mounted to the camera body on a second rail structure 401 B, and a second linkage 
member 415 pivotally connected to a second slidable lens mount 416 and the free end of the 
second arm structure 412 so that as the second motor shaft rotates, the second slidable lens 
mount 413 moves along the optical axis of the imaging optics supported within the camera 
body. Notably, the first system of movable lenses 406 are designed to undergo relative small 
stepped movement relative to the stationary lens subsystem 3A1 in automatic response to a first 
set of control signals 3E1 generated by the camera control computer 22 and transmitted to the 
first electrical motor 403. The second system of movable lenses 414 are designed to undergo 
relatively larger stepped movements relative to the first system of movable lenses 406 in 
automatic response to a second set of control signals 3D2 generated by the camera control 
computer 22 and transmitted to the second electrical motor 411 . 

Method Of And Apparatus For Mounting A Lin ear Imape Sensor Chip Within A PT.TTM-BacoH 
System To Prevent Misalignment B etween The Field Of Vipw CFOV) Of Said Linear 
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Sensor Chip An d The Planar L aser Dlumi n ation Beam (PUS) Used Therewith. In Response To 



Thermal Expansion or C ycling Within Said PT.TTM-Based System 



When using a planar laser illumination beam (PLIB) to illuminate the narrow field of 
view (FOV) of a linear image detection array, even the smallest of misalignment errors between 
the FOV and the PLIB can cause severe errors in performance within the PLHM-based system 
Notably, as the working/object distance of the PLHM-based system is made longer, the 
sensitivity of the system to such FOV/PLIB misalignment errors markedly increases. One of 
the major causes of such FOV/PLIB misalignment errors is thermal cycling within the PLHM- 
based system. As materials used within the PUIM-based system expand and contract in 
response to increases and decreases in ambient temperature, the physical structures which serve 
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to maintain alignment between the FOV and PLIB move in relation to each other. If the 
movement between such structures becomes significant, then the PLIB may not illuminate the 
narrow field of view (FOV) of the linear image detection array, causing dark levels to be 
produced in the images captured by the system without planar laser illumination. In order to 
mitigate such misalignment problems, the camera subsystem (i.e. IFD module) of the present 
invention is provided with a novel linear image sensor chip mounting arrangement which helps 
maintain precise alignment between the FOV of the linear image sensor chip and the PLIB used 
to illuminate the same. Details regarding this mounting arrangement will be described below 
with reference to Figs. 3D4 through 3D7. 

As shown in Fig. 3D3, the camera subsystem further comprises: heat sinking structure 
1100 to which the linear image sensor chip 3A and camera body 400 are rigidly mounted; a 
camera PC electronics board 1101 for supporting a socket 1108 into which the linear image 
sensor chip 3A is connected, and providing all of the necessary functions required to operate the 
linear CCD image sensor chip 3A, and capture high-resolution linear digital images therefrom 
for buffering, storage and processing. 

As best illustrated in Fig. 3D4, the package of the image sensor chip 3A is rigidly 
mounted and thermally coupled to the back plate 1102 of the heat sinking structure 1100 by a 
releasable image sensor chip fixture subassembly 1103 which is integrated with the heat sinking 
structure 1100. The primary function of this image sensor chip fixture subassembly 1103 is to 
prevent relative movement between the image sensor chip 3A and the heat sinking structure 
1100 and camera body 400 during thermal cycling within the PLIIM-based system. At the same 
time, the image sensor chip fixture subassembly 1103 enables the electrical connector pins 1104 
of the image sensor chip to pass freely through four sets of apertures 1105 A through 1105D 
formed through the back plate 1102 of the heat sinking structure, as shown in Fig. 3D5, and 
establish secure electrical connection with electrical contacts 1107 contained within a matched 
electrical socket 1108 mounted on the camera PC electronics board 1101, shown in greater 
detail in Fig. 3D6. As shown in Figs. 3D4 and 3D7, the camera PC electronics board 1101 is 
mounted to the heat sinking structure 1100 in a manner which permits relative expansion and 
contraction between the camera PC electronics board 1101 and heat sinking structure 1100 
during thermal cycling. Such mounting techniques may include the use of screws or other 
fastening devices known in the art. 

As shown in Fig. 3D5, the releasable image sensor chip fixture subassembly 1103 
comprises a number of subcomponents integrated on the heat sinking structure 1100, namely: a 
set of chip fixture plates 1109, mounted at about 45 degrees with respect to the back plate 1102 
of the heat sinking structure, adapted to clamp one side edge of the package of the linear image 
sensor chip 3A as it is pushed down into chip mounting slot 1110 (provided by clearing away a 
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rectangular volume of space otherwise occupied by heat exchanging fins 1111 protruding from 
the back plate 1102), and permit the electrical connector pins 1104 extending from the image 
sensor chip 3A to pass freely through apertures 1105A through 1105D formed through the back 
plate 1102; and a set of spring-biased chip clamping pins 1112A and 1112B, mounted opposite 
the chip fixture plates 1109A and 1109B, for releasably clamping the opposite side of the 
package of the linear image sensor chip 3A when it is pushed down into place within the chip 
mounting slot 1110, and securely and rigidly fixing the package of the linear image sensor chip 
3 A (and thus image detection elements there within) relative to the heat sinking structure 1100 
and thus the camera body 400 and all of the optical lens components supported therewithin. 

As shown in Fig. 3D7, when the linear image sensor chip 3A is mounted within its chip 
mounting slot 1110, in accordance with the principles of the present invention, the electrical 
connector pins 1104 of the image sensor chip are freely passed through the four sets of apertures 
1105A through 1105D formed in the back plate of the heat sinking structure, while the image 
sensor chip package 3A is rigidly fixed to the camera system body, via its heat sinking structure. 
When so mounted, the image sensor chip 3A is not permitted to undergo any significant 
relative movement with respect to the heat sinking structure and camera body 400 during 
thermal cycling. However, the camera PC electronics board 1101 may move relative to the heat 
sinking structure and camera body 400, in response to thermal expansion and contraction 
during cycling. The result is that the image sensor chip mounting technique of the present 
invention prevents any ^alignment between the field of view (FOV) of the image sensor chip 
and the PLIA produced by the PLIA within the camera subsystem, thereby improving the 
performance of the PLIIM-based system during planar laser illumination and imaging 
operations. 



Method of Adjusting the Focal Char acteristics of the Planar User Illumination Beams fPI.Hk) 
Generated bv Planar Laser Illum ination Arrays fPLIAs) Used in Conjunction with Image 



Formatio n And Detection (IFD) Modules Employing Variable Focal Length rZoom) Imaging 



Lenses 



Unlike the fixed focal length imaging lens case, there occurs a significant a 1/r 2 drop-off 
in laser return light intensity at the image detection array when using a zoom (variable focal 
length) imaging lens in the PLIIM-based system hereof. In PLIIM-based system employing an 
imaging subsystem having a variable focal length imaging lens, the area of the imaging 
subsystem's field of view (FOV) remains constant as the working distance increases. Such 
variable focal length control is used to ensure that each image formed and detected by the 
image formation and detection (IFD) module 3" has the same number of "dots per inch" (DPI) 
resolution, regardless of the distance of the target object from the IFD module 3". However, 
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since module's field of view does not increase in size with the object distance, equation (8) must 
be rewritten as the equation (10) set forth below 
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where s 2 is the area of the field of view and d 2 is the area of a pixel on the image 
detecting array. This expression is a strong function of the object distance, and demonstrates 
1/r 2 drop off of the return light. If a zoom lens is to be used, then it is desirable to have a 
greater power density at the farthest object distance than at the nearest, to compensate for this 
loss. Again, focusing the beam at the farthest object distance is the technique that will produce 
this result. 

Therefore, in summary, where a variable focal length (i.e. zoom) imaging subsystem is 
employed in the PUIM-based system, the planar laser beam focusing technique of the present 
invention described above helps compensate for (i) decreases in the power density of the 
incident illumination beam due to the fact that the width of the planar laser illumination beam 
increases for increasing distances away from the imaging subsystem, and (ii) any 1/r 2 type 
losses that would typically occur when using the planar laser planar illumination beam of the 
present invention. 

Second Illustrative Embodiment Of The PLIIM-Based System Of The Present Invention Shown 



In Fi g. 3A 



The second illustrative embodiment of the PUIM-based system of Fig. 3A, indicated by 
reference numeral SOB, is shown in Fig. 3E1 as comprising: an image formation and detection 
module 3" having an imaging subsystem 3B with a variable focal length imaging lens, a variable 
focal distance and a variable field of view, and a linear array of photo-electronic detectors 3A 
realized using CCD technology (e.g. Piranha Model Nos. CT-P4, or CL-P4 High-Speed CCD 
Line Scan Camera, from Dalsa, Inc. USA— http://www.dalsa.com) for detecting 1-D line 
images formed thereon by the imaging subsystem 3B"; a field of view folding mirror 9 for 
folding the field of view of the image formation and detection module 3"; and a pair of planar 
laser illumination arrays 6A and 6B arranged in relation to the image formation and detection 
module 3" such that the field of view thereof folded by the field of view folding mirror 9 is 
oriented in a direction that is coplanar with the composite plane of laser illumination 12 
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produced by the planar illumination arrays, during object illumination and image detection 
operations, without using any laser beam folding mirrors. 

As shown in Fig. 3E2, the PLIIM-based system of Fig. 3E1 comprises: planar laser 
illumination arrays 6 A and 6B, each having a plurality of planar laser illumination modules 11A 
through 11F, and each planar laser illumination module being driven by a VLD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PLIA (6A, 6B) 
and ideally integrated therewith, for optically combining the individual PLIB components 
produced from the PLEMs constituting the PLIA, and projecting the combined PLIB components 
onto points along the surface of the object being illuminated; linear-type image formation and 
detection module 3A; a field of view folding mirror 9' for folding the field of view of the image 
formation and detection module 3"; an image frame grabber 19 operably connected to the 
linear-type image formation and detection module 3", for accessing 1-D images (i.e. 1-D digital 
image data sets) therefrom and building a 2-D digital image of the object being illuminated by 
the planar laser illumination arrays 6A and 6B; an image data buffer (e.g. VRAM) 20 for 
buffering 2-D images received from the image frame grabber 19; an image processing computer 
21, operably connected to the image data buffer 20, for carrying out image processing 
algorithms (including bar code symbol decoding algorithms) and operators on digital images 
stored within the image data buffer; and a camera control computer 22 operably connected to 
the various components within the system for controlling the operation thereof in an 
orchestrated manner. 

Fig. 3E3 illustrates in greater detail the structure of the IFD module 3" used in the PI TTM- 
based system of Fig. 3E1. As shown, the IFD module 3" comprises a variable focus variable focal 
length imaging subsystem 3B" and a 1-D image detecting array 3A mounted along an optical 
bench 3D contained within a common lens barrel (not shown). In general, the imaging 
subsystem 3B" comprises: a first group of focal lens elements 3A1 mounted stationary relative to 
the image detecting array 3A; a second group of lens elements 3B2, functioning as a focal lens 
assembly, movably mounted along the optical bench in front of the first group of stationary lens 
elements 3A; and a third group of lens elements 3B1, functioning as a zoom lens assembly, 
movably mounted between the second group of focal lens elements and the first group of 
stationary focal lens elements 3B2. In a non-customized application, focal distance control can 
also be provided by moving the second group of focal lens elements 3B2 back and forth with 
translator 3C2 in response to a first set of control signals 3E2 generated by the camera control 
computer 22, while the 1-D image detecting array 3A remains stationary. Alternatively, focal 
distance control can be provided by moving the 1-D image detecting array 3A back and forth 
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along the optical axis with translator 3C2 in response to a first set of control signals 3E2 
generated by the camera control computer 22, while the second group of focal lens elements 3B2 
remain stationary. For zoom control (i.e. variable focal length control), the focal lens elements 
in the third group 3B1 are typically moved relative to each other with translator 3C1 in response 
to a second set of control signals 3E1 generated by the camera control computer 22 Regardless 
of the approach taken in any particular illustrative embodiment, an IFD module 3" with variable 
focus variable focal length imaging can be realized in a variety of ways, each being embraced by 
the spirit of the present invention. 

Detailed Description 
3E1 through 3E3 



Referring now to Figs. 3E4 through 3E8, an exemplary realization of the PLIIM-based 
system, indicated by reference numeral SOB, shown in Figs. 3E1 through 3E3 will now be 
described in detail below. 

As shown in Figs. 3E41 and 3E5, an exemplary realization of the PUIM-based system 
•OB shown in Figs. 3E1-3E3 is indicated by reference numeral 25' contained within a compact 
lousing 2 having height, length and width dimensions of about 4.5", 217" and 19 7" 
•espectively, to enable easy mounting above a conveyor belt structure or the' like. As shown in 
ng. 3E4, 3E5 and 3E6, the PLEM-based system comprises a linear image formation and 
letection module 3", a pair of planar laser mumination arrays 6A, and 6B, and a field of view 
KFOV) folding structure (e.g. mirror, refractive element, or diffractive element) 9. The function 
hf the FOV folding mirror 9 is to fold the field of view (FOV) 10 of the image formation and 
letection module 3' in an imaging direction that is coplanar with the plane of laser mumination 
•earns (PLIBs) 7A and 7B produced by the planar illumination arrays 6A and 6B. As shown 
hese components are fixedly mounted to an optical bench 8 supported within the compact' 
lousing 2 so that these optical components are forced to oscillate together. The linear CCD 
aiaging array 3A can be realized using a variety of commercially available high-speed line-scan 
:amera systems such as, for example, the Piranha Model Nos. CT-P4, or CL-P4 High-Speed 
XD Line Scan Camera, from Dalsa, Inc. USA-http:// www.dalsa.com. Notably, image frame 
rabber 19, image data buffer (e.g. VRAM) 20, image processing computer 21, and camera 
xmtrol computer 22 are realized on one or more printed circuit (PC) boards contained within a 
amera and system electronic module 27 also mounted on the optical bench, or elsewhere in the 
ystem housing 2. 

As shown in Fig. 3E6, a stationary cylindrical lens array 299 is mounted in front of each 
LIA (6A, 6B) adjacent the mumination window formed within the optics bench 8 of the PIUM- 
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based system 25'. The function performed by cylindrical lens array 299 is to optically combine 
the individual PLIB components produced from the PLIMs constituting the PLIA, and project 
the combined PLIB components onto points along the surface of the object being illuminated. 
By virtue of this inventive feature, each point on the object surface being imaged will be 
illuminated by different sources of laser illumination located at different points in space (ie 
spatially coherent-reduced laser illumination), thereby reducing the RMS power of speckle- 
pattern noise observable at the linear image detection array of the PLUM-based system 

While this system design requires additional optical surfaces (i.e. planar laser beam 
folding mirrors) which complicates laser-beam/FOV alignment, and attenuates slightly the 
mtensity of collected laser return light, this system design will be beneficial when the FOV of 
the imaging subsystem cannot have a large apex angle, as defined as the angular aperture of the 
imaging lens (in the zoom lens assembly), due to the fact that the IFD module 3" must be 
mounted on the optical bench in a backed-off manner to the conveyor belt (or maximum object 
distance plane), and a longer focal length lens (or zoom lens with a range of longer focal 
lengths) is chosen. 

One notable advantage of this system design is that it enables a construction having an 
ultra-low height profile suitable, for example, in unitary package identification and 
dimensioning systems of the type disclosed in Figs. 17-22, wherein the image-based bar code 
symbol reader needs to be installed within a compartment (or cavity) of a housing having 
relatively low height dimensions. Also, in this system design, there is a relatively high degree of 
freedom provided in where the image formation and detection module 3" can be mounted on 
the optical bench of the system, thus enabling the field of view (FOV) folding technique 
disclosed in Fig. 1L1 to be practiced in a relatively easy manner. 

As shown in Fig. 3E4, the compact housing 2 has a relatively long light transmission 
window 28 of elongated dimensions for the projecting the FOV 10 of the image formation and 
detection module 3" through the housing towards a predefined region of space outside thereof 
within which objects can be illuminated and imaged by the system components on the optical' 
bench. Also, the compact housing 2 has a pair of relatively short light transmission apertures 
30A and 30B, closely disposed on opposite ends of light transmission window 28, with minimal 
spacing therebetween, as shown in Fig. 3E4. Such spacing is to ensure that the FOV emerging 
from the housing 2 can spatially overlap in a coplanar manner with the substantially planar 
laser illumination beams projected through transmission windows 29A and 29B as close to 
transmission window 28 as desired by the system designer, as shown in Figs. 3E6 and 3E7. 
Notably, in some applications, it is desired for such coplanar overlap between the FOV and 
planar laser illumination beams to occur very close to the light transmission windows 28 29A 
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and 29B (i.e. at short optical throw distances), but in other applications, for such coplanar 
overlap to occur at large optical throw distances. 

In either event, each planar laser illumination array 6A and 6B is optically isolated from 
the FOV of the image formation and detection module 3" to increase the signal-to-noise ratio 
(SNR) of the system. In the preferred embodiment, such optical isolation is achieved by 
providing a set of opaque wall structures 30A, 30B about each planar laser illumination array, 
extending from the optical bench 8 to its light transmission window 29A or 29B, respectively. 
Such optical isolation structures prevent the image formation and detection module 3" from 
detecting any laser light transmitted directly from the planar laser illumination arrays 6A and 
6B within the interior of the housing. Instead, the image formation and detection module 3" can 
only receive planar laser illumination that has been reflected off an illuminated object, and 
focused through the imaging subsystem 3B" of the EFD module 3". 

Notably, the linear image formation and detection module of the PLHM-based system of 
Fig. 3E4 has an imaging subsystem 3B" with a variable focal length imaging lens, a variable 
focal distance, and a variable field of view. In Fig. 3E8, the spatial limits for the FOV of the 
image formation and detection module are shown for two different scanning conditions, 
namely: when imaging the tallest package moving on a conveyor belt structure; and when' 
imaging objects having height values close to the surface of the conveyor belt structure. In a 
PUM system having a variable focal length imaging lens and a variable focusing mechanism 
the PUIM system would be capable of imaging at either of the two conditions indicated above. 

In order that PLLM-based subsystem 25' can be readily interfaced to and an integrated 
(e.g. embedded) within various types of computer-based systems, as shown in Figs. 9 through 
34C, subsystem 25' also comprises an I/O subsystem 500 operably connected to camera control 
computer 22 and image processing computer 21, and a network controller 501 for enabling 
ligh-speed data communication with others computers in a local or wide area network using 
wcket-based networking protocols (e.g. Ethernet, AppleTalk, etc.) well known in the art. 

^Illustrative Embodiment Of The PTHM-BaspH W»m rv tHp IWm Shown fe 



The third illustrative embodiment of the PLIIM-based system of Fig. 3A, indicated by 
reference numeral 50C, is shown in Fig. 3F1 as comprising: an image formation and detection 
module 3" having an imaging subsystem 3B" with a variable focal length imaging lens, a 
variable focal distance and a variable field of view, and a linear array of photo-electronic 
detectors 3A realized using CCD technology (e.g. Piranha Model Nos. CT-P4, or CL-P4 High- 
Speed CCD Line Scan Camera, from Dalsa, Inc. USA-http:// www.dalsa.com) for detecting 1- 
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D hne images formed thereon by the imaging subsystem 3B"; a pair of planar laser Ulumination 
arrays 6A and 6B for producing first and second planar laser illumination beams (PLIBs) 7 A 
and 7B, respectively; and a pair of planar laser beam folding mirrors 37A and 37B for folding 
the planes of the planar laser Ulumination beams produced by the pair of planar illumination 
arrays 6A and 6B, in a direction that is coplanar with the plane of the FOV of the image 
formation and detection module 3" during object illumination and imaging operations. 

One notable disadvantage of this system architecture is that it requires additional optical 
surfaces (i.e. the planar laser beam folding mirrors) which reduce outgoing laser light and 
therefore the return laser light slightly. Also this system design requires a more complicated 
beam/FOV adjustment scheme than the direct-viewing design shown in Fig. 3B1. Thus, this 
system design can be best used when the planar laser illumination beams do not have large 
apex angles to provide sufficiently uniform illumination. Notably, in this system embodiment, 
the PLIMs are mounted on the optical bench as far back as possible from the beam folding 
mirrors 37A and 37B, and cylindrical lenses 16 with larger radiuses will be employed in the 
design of each PLIM 1 1 A through IIP. 

As shown in Fig. 3F2, the PLHM-based system of Fig. 3F1 comprises: planar laser 
Ulumination arrays 6A and 6B, each having a plurality of planar laser illumination modules 11A 
through 11F, and each planar laser illumination module being driven by a VLD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PUA (6A, 6B) 
and ideally integrated therewith, for optically combining the individual PLIB components 
produced from the PLIMs constituting the PLIA, and projecting the combined PUB components 
onto points along the surface of the object being illuminated; linear-type image formation and 
detection module 3A; a pair of planar laser illumination beam folding mirrors 37A and 37B, for 
folding the planar laser iUumination beams 7A and 7B in the imaging direction; an image frame 
grabber 19 operably connected to the linear-type image formation and detection module 3", for 
accessing 1-D images (i.e. 1-D digital image data sets) therefrom and building a 2-D digital 
image of the object being illuminated by the planar laser iUumination arrays 6A and 6B; an 
image data buffer (e.g. VRAM) 20 for buffering 2-D images received from the image frame 
grabber 19; an image processing computer 21, operably connected to the image data buffer 20, 
for carrying out image processing algorithms (including bar code symbol decoding algorithms) 
and operators on digital images stored within the image data buffer; and a camera control 
computer 22 operably connected to the various components within the system for controlling 
the operation thereof in an orchestrated manner. 
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Fig. 3F3 illustrates in greater detail the structure of the IFD module 3" used in the PLEM- 
based system of Fig. 3F1. As shown, the IFD module 3" comprises a variable focus variable focal 
length imaging subsystem 3B» and a 1-D image detecting array 3A mounted along an optical 
bench 3D contained within a common lens barrel (not shown). In general, the imaging 
subsystem 3B' comprises: a first group of focal lens elements 3A' mounted stationary relative to 
the image detecting array 3A; a second group of lens elements 3B2, functioning as a focal lens 
assembly, movably mounted along the optical bench 3D in front of the first group of stationary 
lens elements 3A1; and a third group of lens elements 3B1, functioning as a zoom lens assembly 
movably mounted between the second group of focal lens elements and the first group of 
stationary focal lens elements 3A1. In a non-customized application, focal distance control can 
also be provided by moving the second group of focal lens elements 3B2 back and forth in 
response to a first set of control signals generated by the camera control computer while the 1- 
^ image detecting array 3A remains stationary. Alternatively, focal distance control can be 
■rovided by moving the 1-D image detecting array 3A back and forth along the optical axis 
'ith translator in response to a first set of control signals 3E2 generated by the camera control 
>mputer 22, while the second group of focal lens elements 3B2 remain stationary. For zoom 
:ontrol (i.e. variable focal length control), the focal lens elements in the third group 3B1 are 
ypically moved relative to each other with translator 3C1 in response to a second set of control 
signals 3E1 generated by the camera control computer 22. Regardless of the approach taken in 
*y particular Ulustrative embodiment, an IFD module with variable focus variable focal length 
waging can be realized in a variety of ways, each being embraced by the spirit of the present 
nvention. r 



Fourth Illustrative Embodi ment Of Thp PiJW\^ 9f i 
r 1 Fig. 3A " " — _ 



Present Invention Shown 



The fourth illustrative embodiment of the PUIM-based system of Fig. 3A, indicated by 
•eference numeral SOD, is shown in Fig. 3G1 as comprising: an image formation and detection 
nodule 3" having an imaging subsystem 3B" with a variable focal length imaging lens a 
ariable focal distance and a variable field of view, and a linear array of photo-electromc 
letectors 3A realized using CCD technology (e.g. Piranha Model Nos. CT-P4, or CL-P4 High- 
speed CCD Line Scan Camera, from Dalsa, Inc. USA-htrp://www.dalsa.com) for detecting 1- 
5 line images formed thereon by the imaging subsystem 3B"; a FOV folding mirror 9 for folding 
* FOV of the imaging subsystem in the direction of imaging; a pair of planar laser 
f Uummation arrays 6A and 6B for producing first and second planar laser Ulumination beams 
F m ^ a Pair ° f ^ laser beam Elding mirrors 37A and 37B for folding the planes of the 
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planar laser illumination beams produced by the pair of planar illumination arrays 6A and 6B, 
in a direction that is coplanar with the plane of the FOV of the image formation and detection 
module during object illumination and image detection operations. 

As shown in Fig. 3G2, the PLHM-based system of Fig. 3G1 comprises: planar laser 
illumination arrays 6A and 6B, each having a plurality of planar laser illumination modules 11A 
through 11F, and each planar laser illumination module being driven by a VLD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PUA (6A, 6B) 
and ideally integrated therewith, for optically combining the individual PLIB components 
produced from the PLIMs constituting the PLIA, and projecting the combined PUB components 
onto points along the surface of the object being illuminated; linear-type image formation and 
detection module 3"; a FOV folding mirror 9 for folding the FOV of the imaging subsystem in 
the direction of imaging; a pair of planar laser illumination beam folding mirrors 37A and 37B, 
for folding the planar laser illumination beams 7A and 7B in the imaging direction; an image 
frame grabber 19 operably connected to the linear-type image formation and detection module"* 
3", for accessing 1-D images (i.e. 1-D digital image data sets) therefrom and building a 2-D 
digital image of the object being illuminated by the planar laser illumination arrays 6A and 6B; 
an image data buffer (e.g. VRAM) 20 for buffering 2-D images received from the image frame 
grabber 19; an image, processing computer 21, operably connected to the image data buffer 20, 
for carrying out image processing algorithms (including bar code symbol decoding algorithms) 
and operators on digital images stored within the image data buffer 20; and a camera control 
computer 22 operably connected to the various components within the system for controlling 
the operation thereof in an orchestrated manner. 

Fig. 3G3 illustrates in greater detail the structure of the IFD module 3" used in the 
PUIM-based system of Fig. 3G1. As shown, the IFD module 3" comprises a variable focus 
variable focal length imaging subsystem 3B" and a 1-D image detecting array 3A mounted 
along an optical bench 3D contained within a common lens barrel (not shown). In general, the 
imaging subsystem 3B' comprises: a first group of focal lens elements 3A1 mounted stationary 
relative to the image detecting array 3A; a second group of lens elements 3B2, functioning as a 
focal lens assembly, movably mounted along the optical bench in front of the first group of 
stationary lens elements 3A1; and a third group of lens elements 3B1, functioning as a zoom 
lens assembly, movably mounted between the second group of focal lens elements and the first 
group of stationary focal lens elements 3A1. In a non-customized application, focal distance 
control can also be provided by moving the second group of focal lens elements 3B2 back and 
forth with translator 3C2 in response to a first set of control signals 3E2 generated by the camera 
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control computer 22, while the 1-D image detecting array 3A remains stationary. Alternatively 
focal distance control can be provided by moving the 1-D image detecting array 3A back and 
forth along the optical axis in response to a first set of control signals 3E2 generated by the 
camera control computer 22, while the second group of focal lens elements 3B2 remain 
stahonary. For zoom control (i.e. variable focal length control), the focal lens elements in the 
third group 3B1 are typically moved relative to each other with translator 3C1 in response to a 
second set of control signals 3C1 generated by the camera control computer 22. Regardless of 
the approach taken in any particular illustrative embodiment, an IFD module with variable 
focus variable focal length imaging can be realized in a variety of ways, each being embraced by 
the spirit of the present invention. 



Applications For The Fifth Generalized Em^gj imgnt Of Th P PTmu.p, cH Svstem 0f ~ 
Present Invention, and the Tlln^Hye Emhn,Wnf C fj^Z^ D3Sed hySfPm ° f Thp 



As the PLHM-based systems shown in Figs. 3A through 3G3 employ an IFD module 
having a linear image detecting array and an imaging subsystem having variable focal length 
(zoom)and variable focus (i.e. focal distance) control mechanisms, such PLHM-based systems 
are good candidates for use in the conveyor top scanner application shown in Fig. 3H as 
variations in target object distance can be up to a meter or more (from the imaging subsystem) 
and the imaging subsystem provided therein can easily accommodate such object distance 
parameter variations during object illumination and imaging operations. Also, by adding 
dynamic focusing functionality to the imaging subsystem of any of the embodiments shown in 
Figs. 3A through 3F3, the resulting PLIIM-based system will become appropriate for the 
conveyor side scanning application also shown in Fig. 3G, where the demands on the depth of 
field and variable focus or dynamic focus requirements are greater compared to a conveyor top 
scanner application. 



"^tion And FWtronic T m ^ r 



The sixth generalized embodiment of the PLHM-based system of Fig. 3A, indicated by 
reference numeral 50', is illustrated in Figs. 3J1 and 3J2. As shown in Fig. 3J1, the PUIM-based 
system 50' comprises: a housing 2 of compact construction; a linear (i.e. 1-dimensional) type 
image formation and detection (IFD) module 3"; and a pair of planar laser iUumination arrays 
(PLIAs) 6A and 6B mounted on opposite sides of the IFD module 3". During system operation 
laser illumination arrays 6A and 6B each produce a composite laser ulumination beam 12 which 
synchronously moves and is disposed substantially coplanar with the field of view (FOV) of the 
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image formation and detection module 3". so as to scan a bar code symbol or other graphical 
structure 4 disposed stationary within a 2-D scanning region 

As shown in Figs. 3J2 and 3J3, the PLUM-based system of Hg. 3J1 50' comprises: an 
■mage formation and detection moduk 3" having an imaging subsystem 3B" with a variable 
focal length imaging lens, a variable focal distance and a variable field of view, and a Imear 
array of photopenic detectors 3A realized using CCD techno.ogy (e.g. Piranha Model Nos 

ZT'u "„ H ' 8h " SPeed CC ° S " n Cam6 "' *» Dalsa, Inc. 

USA-h«p://www.dalsa.com) for detecting 1-D line images formed thereon by the imagine 
subsystem 3B"; a field of view foUing a*d sweeping mtaor 9' fo r folding ^ ta fc 
of v,ew of the image fonnanon and detection module 3"; a pair of planar User illummauon 
arrays 6A and «B for producing planar laser Ulumtaation beams 7A and 7B; a pair of planar 
laser dlumtaation beam folding and sweeping mirrors 37A and 37B for folding and sweepine 
fte planar laser iUuminarion beams 7A and 7B, respectively, in synchronism Witt, me FOV 
being swept by me FOV folding and sweeping mirror 9'; an image frame grabber 19 operably 
connected to the linear-type image formation and detection module 3A, for accessing 1-D 
■mages (i e. 1-D digital image data sets) therefrom and building a 2-D digita. image of the object 

VRAM) 20 for buffering 2-D images received from the image frame grabber 19; an imag! 
processing computer 21, operably connected to the image date buffer 20, for carrying out image 
processing a.gorithms (including bar code symbo, decoding a.gorlthms) and operators on 
dtgrtal .mages stored within the image data buffer; and a camera control computer 22 operablv 
corrected to the various components within the system for controlling the operation thereof in 
an orchestrated manner. 

As shown in Fig. 3J3, each planar laser illumination module 11A through 11F is driven 
by a VXD driver circuit 18 under the camera control computer 22 in a manner well known in the 
art Notably, laser illumination beam folding/sweeping mirror 37A' and 37B', and FOV 
foldmg/sweeping mirror 9' are each rotatably driven by a motor-driven mechanism 39A, 39B 
and 38, respectively, operated under the control of the camera control computer 22. These three' 
muror elements can be synchronously moved in a number of different ways. For example the 
mirrors 37A', 37* and 9' can be Jointly rotated together under the control of one or more motor- 
dnven mechanisms, or each mirror element can be driven by a separate driven motor which are 
synchronously controlled to enable the planar laser illumination beams and FOV to move 
together during illumination and detection operations within the PLIIM system 

Fig. 3J4 illustrates in greater detail the structure of the IFD module 3" used in the PLIIM 
bas^d system of Fig. 3,1. As shown, the IFD module 3" comprises a variable focus variable focal 
ength rmagmg subsystem 3B« and a 1-D image detecting array 3A mounted along an optical 
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bench 3D contained within a common lens barrel (not shown). In general, the imaging 
subsystem 3B" comprises: a first group of focal lens elements 3B" mounted stationary relative to 
the image detecting array 3A1 a second group of lens elements 3B2, functioning as a f ocal la* 
assembly, movably mounted along the optical bench in front of the first group of stationary lens 
elements 3A1; and a third group of lens elements 3B1, functioning as a zoom lens assembly 
movably mounted between the second group of focal lens elements and the first group or 
stationary focal lens elements 3A1. In a non-customized application, focal distance control can 
also be provided by moving the second group of focal lens elements 3B2 back and forth in 
response to a first set of control signals generated by the camera control computer, while the 1- 
D image detecting array 3A remains stationary. Alternatively, focal distance control can be 
provided by moving the 1-D image detecting array 3A back and forth along the optical axis 
with translator 3C2 in response to a first set of control signals 3E1 generated by the camera 
control computer 22, while the second group of focal lens elements 3B2 remain stationary For 
zoom control (i.e. variable focal length control), the focal lens elements in the third group 3B1 
are typically moved relative to each other with translator 3C1 in response to a second set of 
control signals 3E1 generated by the came^control computer 22. Regardless of the approach 
taken in any particular illustrative embodiment, an IFD module with variable focus variable 
focal length imaging can be realized in a variety of ways, each being embraced by the spirit of 
the present invention. 

In accordance with the present invention, the planar laser illumination arrays 6A and 6B 
the linear image formation and detection module 3", the folding/sweeping FOV mirror 9' and' 
the planar laser iUumination beam folding/sweeping mirrors 37A' and 37B" employed in this 
generalized system embodiment, are fixedly mounted on an optical bench or chassis 8 so as to 
prevent any relative motion (which might be caused by vibration or temperature changes) 
between: (i) the image forming optics (e.g. imaging lens) within the image formation and 
letection module 3" and the FOV folding/sweeping mirror 9' employed therewith; and (ii) each 
lanar laser illumination module (i.e. VLD/cylindrical lens assembly) and the planar laser 
illumination beam folding/sweeping mirrors 37A' and 37B' employed in this PLEM-based 
system configuration. Preferably, the chassis assembly should provide for easy and secure 
ihgnment of all optical components employed in the planar laser illumination arrays 6A and 
-B, beam folding/sweeping mirrors 37A' and 37B', the image formation and detection module 
I and FOV folding/sweeping mirror 9', as well as be easy to manufacture, service and repair 
lso, this generalized PLUM system embodiment employs the general "planar laser 
llumination" and "focus beam at farthest object distance (FBAFOD)" principles described 
\bove. 
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Applications For The Sivfh Sgnggjjzgd Embodiment Of The PTTTM n a c 
Present Invention uumment \n l he PTJTM-Based Sy stem n f -py 

As the PUIM-based systems shown in Figs. 3J1 through 3,4emp Io y(i) an IFD module 
havng a taaar .mage detecting array and an imaging subsystem having vale toj^ 
(zoom) and variable focal distance control mechanisms, and also L a I T 
automatically sweeping both me planar ( 2-D,FOVand planar IZll^Zl 

eam/FOV o^ananty" herein dMosed, suc h PU1M systems are good canlates for LeTa 
an -he,d scanner appficafion, shown in Pig. 3,5, and the hands-free present Z ZZ 
apphcahon Ulustrated in Fig. 3,6. As such, these embodiments of the present in Z 17^ 
, eally suited for use m hand-supportable and presentabon-tvpe ^^trZ^Z 
ea*ng , pp „ callons shown m Rgs 3J5 and ^ ^ ^ vmbo, 

down ) scannmg patterns can be used for reading 1-D as well as 2-D bar cod. , K , 
as the PDF 147 symbology In eeneral the P! iiJk / well as 2 D bar code symbologres such 
ym oiogy. in general, the PUIM-based system of this generalized embodiment 
may have any of the homing form factors disclosed and described in AppUcanrs co^TS 
Apphcahon No. 09/2O4,,76 fUed December 3, 1,98, VS. AppUcafioo N " 

« on N o. 08/931^691 ^Z^^J^J^ 



gventh Generalized Rmh^rfjpienn^f fh. pimf Pr 



System Of Th. Present Tm m ^„ n 



The seventh generalized embodiment of the PUIM-based system of the present 
-ntton, md,ca,ed by reference numeral 60, is ulustrated in Pig. 4A. As shown JZZ 
UIM-based system 60 comprises: a housing 2 of compact corstrucfion; m ^ (j . ^ 
^ge formafion and detection <IFD> module 55 mcludlng a » electeomc J£ £Z 
-y 55A, and an area (2-D, imaging subsystem (US, 55B having a fixed foca. length a 

ocated wtthm the fixed foca. distance and FOV thereof and projected onto the 2-D imL 
ietecfion array 55A, so ma, the 2-D image detecfion array 55A can electronically Z^Z 
.age formed thereon and automaucally produce a digite, image date se, 5 representative* 

iSLT ;r b T nt image -* - * pair - ^ 

«ys (PUAs) 6A and 6B, each mounted on opposite side, of the IFD moduJe 55, for producing 
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first and second planes of laser beam illumination 7 A and 7B that are folded and swept so that 
the planar laser illumination beams are disposed substantially coplanar with a section of the 
FOV of image formation and detection module 55 during object illumination and image 
detection operations carried out by the PLIIM system. 

In accordance with the present invention, the planar laser Ulumination arrays 6A and 6B 
the linear image formation and detection module 55, and any stationary FOV folding mirror 
employed in any configuration of this generalized system embodiment, are fixedly mounted on 
an optical bench or chassis so as to prevent any relative motion (which might be caused by 
Oration or temperature changes) between: (i) the image forming optics (e.g. imaging lens) 
WltHm ** ,ma S e fonnati - and Section module 55 and any stationary FOV folding mirror 
employed therewith; and (ii) each planar laser illumination module (i.e. VLD/cylindrical lens 
assembly) and each planar laser illumination beam folding/sweeping mirror employed in the 
PLIIM-based system configuration. Preferably, the chassis assembly should provide for easy 
and secure alignment of all optical components employed in the planar laser illumination arrays 
6A and 6B as well as the image formation and detection module 55, as well as be easy to 
manufacture, service and repair. Also, this generalized PLIIM system embodiment employs the 
l^eneral "planar laser illumination" and "focus beam at farthest object distance (FBAFOD)" 
•nnciples described above. Various illustrative embodiments of this generalized PIUM system 
7,11 be described below. 



First ^Illustrative Fmbodiment Of The PT.TTM-RacoH V tem Of Th» F^esenj hye 



The first illustrative embodiment of the PLIIM-Based system of Fig. 4A, indicated by 
Reference numeral 60A, is shown in Fig. 4B1 as comprising: an image formation and detection 
^nodule (i.e. camera) 55 having an imaging subsystem 55B with a fixed focal length imaging 
jlens, a fixed focal distance and a fixed field of view (FOV) of three-dimensional extent, and an 
rea (2-D) array of photo-electronic detectors 55A realized using high-speed CCD technology 
ke-g. the Sony ICX085AL Progressive Scan CCD Image Sensor with Square Pixels for B/W 
Cameras, or the Kodak KAF-4202 Series 2032(H) x 2044(V) Full-Frame CCD Image Sensor) for 
detecting 2-D arean images formed thereon by the imaging subsystem 55B; a pair of planar laser 
ilumination arrays 6A and 6B for producing first and second planar laser illumination beams 
7 A and 7B; and a pair of planar laser ulumination beam folding/sweeping mirrors 57A and 578 
arranged in relation to the planar laser illumination arrays 6A and 6B, respectively, such thai 
me planar laser Ulumination beams 7A, 7B are folded and swept so that the planar laser 
Juminahon beams are disposed substantially coplanar with a section of the 3-D FOV 40 1 of 
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image formation and detection module durine obiect ill„ mi „ 
cperanonscarriedouibymePLnM-based system "* ^ 

As shown in Fig. 4B3, the PUM-based system 60A of Fie 4B1 , • , 

illuminafion arrays (PUAs) 6A and 6B „ h t • compnses: planar laser 

modules 11A through UF and e^ plan , ,7 3 " °' ^ »—»*» 

driver circuif „ emLl^^/ mina ' i0n ^ **« d ™ * ' VLD 

outou, optica. portZTlT 3 "77 7M * ™* * 

- along the s „ rfaw o( m i ^d ^ " 

formadon and detection module 55 planar la„ I, ' llu ™nafed; area-type image 

h and 52B; an image frame JL^tTT^ ^ ^ ^ 

•abber 19; an image processine comm,*, *i « ' mage frame 

md operators on digifa. images stored within me imag^I^ h ? 8<>^ " hmS, 
omputer 22 operab.y connectod to me various compol* w^t t ' T" ~ W 
he operauon thereof in an orchestrated manner yStCm *" 



t F ^y ?<raH '"' Emh " rfim - t Qt H I P I n i 



-* 55 Having . taagmg ^"^S - *— 

oca, distance and a fixed fie,d of view, and an al (2 ^ T * ^ 

»5A resized using CCD technology (e.g. JT^ '^*** ***» 
S«>»r with Square Pixels for B/W r . Progressive Scan CCD Image 

subsystem 55; a FOV folding mirror 9 forLding tl^OV ^ J" 

system; a pair of planar laser 'J"^ " ™« dtrecuon of me 

Planar User munition beams 7A and 7B; and a pat^ "* ^ 

- - — m relabon to the p ^ ^ Im^I^ 
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such tha, the planar laser iUuminaHon beams (PUBs) 7A, 7B are folded and swept so that the 
Planar laser illumination beams are disposed substantially cop.anar with a section of the FOV of 
the unage formation and defection module during objee. mumination and image detection 
operations carried out by the PLIIM-based system. 

In general, the arean image de.ec.ion array 55B empbyed in the PUTM systems shown 
m F.gs.4A trough 6F4 has multip,e rows and columns of pixels arranged in a rectangular 
array. Therefore, arean image defection array is capable of sensing/defecting a completi 2-D 
.mage of a target object in a single exposure, and the target object may be stationary with 
respec to tire PUTM-based system. Thus, the image detection army 55D is ideally sui JL „ 
m hold-under type scanning systems However, tire fact tha, the entire image is captured in a 
smgle exposure implies ma, me technique of dynamic focus cannot be used with an arean 
image detector. 

As shown in Fig. 4C2, the PLIIM-based system of Fig. 4C1 comprises: planar .aser 
Summation arrays 6A and 6B, each having a plurality of plan a r laser uiuminatton modules 
through lift and each planar laser Ulumination module being driven by a VXD driver drcui, 18 
embodymg a digiWly-prt^ammable potentiometer (e,g. 7«Us shown in F.g. 11)50 for current 
control purposes) and a microoonlro.ler 764 being provided for controlflng the output optica! 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PUA <6A 6B) 
and .deafly integrated therewith, for optically combining the individual PUB component 
produced from the PUMs constituting me PUA, and projecung the combined PUB component, 
onfo pom* afong the surface of the object being illuminated; area-type image formation and 
detection module 55B; FOV fo,ding mirror 9; pbmr .aser iflummation beam folding/sweep^ 
mtrrors 57A and 578; an image frame grabber .9 operab.y connected to area-type image 
formahon and detection module 55, for accessing 2-D digita. images of the object being 
.llununated by me p!anar laser illumination arrays 6A and 6B during image fetation and 
detection operabons; an image data buffer (e.g. VRAM) 20 for buffering 2-D images tecelved 
from the image frame grabber 19; an image processing computer 2!, operably connected to the 
unage data buffer 20, for carrying out image pro^ssing algorithms (including bar code symbol 
decodmg algorithms, and operators on digitaj images stored within the image date buffoTa* 
a camera con.ro. computer 22 operably connected fo me various components within tire system 
for continuing the operation thereof, including synchronous driving motors 58A and 68B, in an 
orchestrated manner. 
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Applications For The Seventh Generalized Embodiment Of Th» pt rod-B ased 
Present Invention, and the Ill ustrative Embodiments Then^T " ~ 



ystem Of The 



The fixed focal distance area-type PUIM-based systems shown in Figs. 4A through 4C2 
are ideal for applications in which there is little variation in the object distance, such as in a 2-D 
hold-under scanner application as shown in Fig. 4D. A fixed focal distance PUIM-based system 
generally takes up less space than a variable or dynamic focus model because more advanced 
focusing methods require more complicated optics and electronics, and additional components 
such as motors. For this reason, fixed focus PUIM systems are good choices for the hands-free 
presentation and hand-held scanners applications illustrated in Figs. 4D and 4E, respectively 
wherein space and weight are always critical characteristics. In these applications, however, the' 
object distance can vary over a range from several to twelve or more inches, and so the designer 
must exercise care to ensure that the scanner's depth of field (DOF) alone will be sufficient to 
accommodate all possible variations in target object distance and orientation. Also, because a 
fixed focus imaging subsystem implies a fixed focal length imaging lens, the variation in object 
distance implies that the dpi resolution of acquired images will vary as well and therefore 
image-based bar code symbol decode-processing techniques must address such variations in 
unage resolution. The focal length of the imaging lens must be chosen so that the angular width 
of the field of view (FOV) is narrow enough that the dpi image resolution will not fall below the 
minimum acceptable value anywhere within the range of object distances supported by the 
PUIM system. 7 



The eighth generalized embodiment of the PLHM system of the present invention 70 is 
illustrated in Fig. 5A. As shown therein, the PUIM system 70 comprises: a housing 2 of 
compact construction; an area (i.e. 2-dimensional) type image formation and detection (IFD) 
module 55' including a 2-D electronic image detection array 55A, an area (2-D) imaging 
subsystem (LIS) 55B' having a fixed focal length, a variable focal distance, and a fixed field of 
view (FOV), for forming a 2-D image of an illuminated object located within the fixed focal 
distance and FOV thereof and projected onto the 2-D image detection array 55A, so that the 2-D 
image detection array 55A can electronically detect the image formed thereon and automatically 
produce a digital image data set 5 representative of the detected image for subsequent image 
processing; and a pair of planar laser illumination arrays (PLIAs) 6A and 6B, each mounted on 
opposite sides of the IFD module 55', for producing first and second planes of laser beam 
dlummation 7A and 7B such that the 3-D field of view 10' of the image formation and detection 
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module 55' is disposed substantially coplanar with the planes of the first and second PLIBs 7A, 
7B during object illumination and image detection operations carried out by the PTTTM system. 
While possible, this system configuration would be difficult to use when packages are moving 
by on a high-speed conveyor belt, as the planar laser illumination beams would have to sweep 
across the package very quickly to avoid blurring of the acquired images due to the motion of 
the package while the image is being acquired. Thus, this system configuration might be better 
suited for a hold-under scanning application, as illustrated in Fig. 5D, wherein a person picks 
up a package, holds it under the scanning system to allow the bar code to be automatically read, 
and then manually routes the package to its intended destination based on the result of the 
scan. 

In accordance with the present invention, the planar laser illumination arrays 6A and 6B, 
the linear image formation and detection module 55', and any stationary FOV folding mirror 
employed in any configuration of this generalized system embodiment, are fixedly mounted on 
an optical bench or chassis 8 so as to prevent any relative motion (which might be caused by 
vibration or temperature changes) between: (i) the image forming optics (e.g. imaging lens) 
within the image formation and detection module 55' and any stationary FOV folding mirror 
employed therewith, and (ii) each planar laser illumination module (i.e. VLD/cylindrical lens 
assembly) 55' and each PLIB folding/sweeping mirror employed in the PLIIM-based system 
configuration. Preferably, the chassis assembly 8 should provide for easy and secure alignment 
of all optical components employed in the planar laser illumination arrays (PUAs) 6A and 6B as 
well as the image formation and detection module 55', as well as be easy to manufacture, service 
and repair. Also, this generalized PLIIM-based system embodiment employs the general 
"planar laser Ulumination" and "focus beam at farthest object distance (FBAFOD)" principles 
described above. Various illustrative embodiments of this generalized PI .TIM system will be 
described below. 

First Illustr ative Embodiment Of The PI TTM-BagAd System Shown In Fig. 5 A 

The first illustrative embodiment of the PLIIM-based system of Fig. 5A, indicated by 
reference numeral, indicated by reference numeral 70A, is shown in Figs. 5B1 and 5B2 as 
comprising: an image formation and detection module 55' having an imaging subsystem 55B' 
with a fixed focal length imaging lens, a variable focal distance and a fixed field of view (of 3-D 
spatial extent), and an area (2-D) array of photo-electronic detectors 55A realized using CCD 
technology (e.g. the Sony ICX085AL Progressive Scan CCD Image Sensor with Square Pixels for 
B/W Cameras, or the Kodak KAF-4202 Series 2032(H) x 2044(V) Full-Frame CCD Image Sensor) 
for detecting 2-D images formed thereon by the imaging subsystem 55B'; a pair of planar laser 
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illumination arrays 6A and 6B for producing first and second planar laser iUumination beams 
7 A and 7B; and a pair of planar laser illumination beam folding/sweeping mirrors 57 A and 57B, 
arranged in relation to the planar laser illumination arrays 6A and 6B, respectively, such that 
the planar laser illumination beams are folded and swept so that the planar laser illumination 
beams 7 A, 7B are disposed substantially coplanar with a section of the 3-D FOV (10") of the 
image formation and detection module 55' during object illumination and imaging operations 
carried out by the PLIIM-based system. 

As shown in Fig. 5B3, PLIIM-based system 70A comprises: planar laser Mumination 
arrays 6A and 6B each having a plurality of planar laser illumination modules (PUMs) 11A 
through 11F, and each planar laser fflumination module being driven by a VLD driver circuit 18 
embodying a digitally-programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current 
control purposes) and a microcontroller 764 being provided for controlling the output optical 
power thereof; a stationary cylindrical lens array 299 mounted in front of each PLIA (6A, 6B) 
and ideally integrated therewith, for optically, combining the individual PLIB components 
produced from the PLIMs constituting the PLIA, and projecting the combined PLIB components 
onto points along the surface of the object bemg ffluminated; area-type image formation and 
detection module 55'; PUB folding/sweeping mirrors 57A and 57B, driven by motors 58A and 
58B, respectively; a high-resolution image frame grabber 19 operably connected to area-type 
image formation and detection module 55A, for accessing 2-D digital images of the object being 
illuminated by the planar laser illumination arrays (PLIAs) 6A and 6B during image formation" 
and detection operations; an image data buffer (e.g. VRAM) 20 for buffering 2-D images 
received from the image frame grabber 19; an image processing computer 21, operably 
connected to the image data buffer 20, for carrying out image processing algorithms (including 
bar code symbol decoding algorithms) and operators on digital images stored within the image 
data buffer; and a camera control computer 22 operably connected to the various components 
within the system for controlling the operation thereof in an orchestrated manner. The 
operation of this system configuration is as follows. Images detected by the low-resolution area 
camera 61 are grabbed by the image frame grabber 62 and provided to the image processing 
computer 21 by the camera control computer 22. The image processing computer 21 
automatically identifies and detects when a label containing a bar code symbol structure has 
moved into the 3-D scanning field, whereupon the high-resolution CCD detection array camera 
55A is automatically triggered by the camera control computer 22. At this point, as the planar 
laser iUumination beams 12' begin to sweep the 3-D scanning region, images are captured by the 
high-resolution array 55A and the image processing computer 21 decodes the detected bar code 
by a more robust bar code symbol decode software program. 
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Fig. 5B4 illustrates in greater detail the structure of the IFD module 55' used in the 
PLIM-base system of Fig. 5B3. As shown, the IFD module 55' comprises a variable focus fixed 
focal length imaging subsystem 55B" and a 2-D image detecting array 55A mounted along an 
optical bench 55D contained within a common lens barrel (not shown). The imaging subsystem 
55B- comprises a group of stationary lens elements 55B1' mounted along the optical bench 
before the image detecting array 55A, and a group of focusing lens elements 55B2' (having a 
fixed effective focal length) mounted along the optical bench in front of the stationary lens 
elements 55B1\ In a non-customized application, focal distance control can be provided by 
moving the 2-D image detecting array 55A back and forth along the optical axis with translator 
55C in response to a first set of control signals 55E generated by the camera control computer 
22, while the entire group of focal lens elements remain stationary. Alternatively, focal distance 
control can also be provided by moving the entire group of focal lens elements 55B2' back and 
forth with translator 55C in response to a first set of control signals 55E generated by the camera 
control computer, while the 2-D image detecting array 55A remains stationary. In customized 
applications, it is possible for the individual lens elements in the group of focusing lens 
elements 55B2' to be moved in response to control signals generated by the camera control 
computer 22. Regardless of the approach taken, an IFD module 55' with variable focus fixed 
focal length imaging can be realized in a variety of ways, each being embraced by the spirit of 
the present invention. 

SecondBlustrative Embodiment Of The FT IIM-Ba sed System Of T he Pr^nt Tnu^L c,^ 



The second illustrative embodiment of the PUIM-based system of Fig. 5A is shown in 
Figs. 5C1, 5C2 comprising: an image formation and detection module 55 1 having an imaging 
subsystem 55B' with a fixed focal length imaging lens, a variable focal distance and a fixed field 
of view, and an area (2-D) array of photo-electronic detectors 55A realized using CCD 
technology (e.g. the Sony ICX085AL Progressive Scan CCD Image Sensor with Square Pixels for 
B/W Cameras, or the Kodak KAF-4202 Series 2032(H) x 2044(V) Full-Frame CCD Image Sensor) 
for detecting 2-D line images formed thereon by the imaging subsystem 55; a FOV folding 
mirror 9 for folding the FOV in the imaging direction of the system; a pair of planar laser 
ulumination arrays 6A and 6B for producing first and second planar laser illumination beams 
7A and 7B, wherein each VLD 11 is driven by a VLD driver circuit 18 embodying a digitally- 
programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current control purposes) and 
a microcontroller 764 bring provided for controlling the output optical power thereof; a 
stationary cylindrical lens array 299 mounted in front of each PUA (6A, 6B) and ideally 
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integrated therewith, for optically combining the individual PLIB components produced from 
the PLIMs constituting the PLIA, and projecting the combined PLIB components onto points 
along the surface of the object being illuminated; and a pair of planar laser ulumination beam 
folding/sweeping mirrors 57A and 57B, arranged in relation to the planar laser illumination 
arrays 6A and 6B, respectively, such that the planar laser illumination beams are folded and 
swept so that the planar laser illumination beams are disposed substantially coplanar with a 
section of the FOV of the image formation and detection module 55' during object illumination 
and image detection operations carried out by the PLEM-based system. 

As shown in Fig. 5C3, the PLIIM-based system 70A of Fig. 5C1 is shown in slightly 
greater detaU comprising: a low-resolution analog CCD camera 61 having (i) an imaging lens 
61B having a short focal length so that the field of view (FOV) thereof is wide enough to cover 
the entire 3-D scanning area of the system, and its depth of field (DOF) is very large and does 
not require any dynamic focusing capabilities, and (ii) an area CCD image detecting array 61A 
for continuously detecting images of the 3-D scanning area formed by the imaging from 
ambient light reflected off target object in the 3-D scanning field; a low-resolution image frame 
grabber 62 for grabbing 2-D image frames from the 2-D image detecting array 61A at a video 
rate (e.g. 3- frames/second or so); planar laser iUumination arrays 6A and 6B, each having a 
plurality of planar laser illumination modules 11A through 11F, and each planar laser 
illumination module being driven by a VLD driver circuit 18; area-type image formation and 
detection module 55'; FOV folding mirror 9; planar laser illumination beam folding/sweeping 
mirrors 57A and 57B, driven by motors 58A and 58B, respectively; an image frame grabber 19 
operably connected to area-type image formation and detection module 55', for accessing 2-D 
digital images of the object being illuminated by the planar laser illumination arrays 6A and 6B 
during image formation and detection operations; an image data buffer (e.g. VRAM) 20 for 
buffering 2-D images received from the image frame grabber 19; an image processing computer 
21, operably connected to the image data buffer 20, for carrying out image processing 
algorithms (including bar code symbol decoding algorithms) and operators on digital images 
stored within the image data buffer; and a camera control computer 22 operably connected to 
the various components within the system for controlling the operation thereof in an 
orchestrated manner. 

Fig. 5C4 illustrates in greater detail the structure of the IFD module 55' used in the 
LHM-based system of Fig. 5C1. As shown, the IFD module 55' comprises a variable focus 
fixed focal length imaging subsystem 55B' and a 2-D image detecting array 55A mounted along 
an optical bench 55D contained within a common lens barrel (not shown). The imaging 
subsystem 55B' comprises a group of stationary lens elements 55B1 mounted along the optical 
bench before the image detecting array 55A, and a group of focusing lens elements 55B2 (having 
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a fixed effective focal length) mounted along the optical bench in front of the stationary lens 
elements 55B1. In a non-customized application, focal distance control can be provided by 
moving the 2-D image detecting array 55A back and forth along the optical axis with translator 
55C in response to a first set of control signals 55E generated by the camera control computer 
22, while the entire group of focal lens elements 55B1 remain stationary. Alternatively, focal 
distance control can also be provided by moving the entire group of focal lens elements 55B2 
back and forth with the translator 55C in response to a first set of control signals 55E generated 
by the camera control computer, while the 2-D image detecting array 55A remains stationary. 
In customized applications, it is possible for the individual lens elements in the group of 
focusing lens elements 55B2 to be moved in response to control signals generated by the camera 
control computer. Regardless of the approach taken, the IFD module 55B' with variable focus 
fixed focal length imaging can be realized in a variety of ways, each being embraced by the 
spirit of the present invention. 



For The Eighth General ized Embodiment Of Thp PUIM-Ba* 
Present Invention, and the Illustrative Emhndi ments Thereof 



ystem Of 



As the PLIIM-based systems shown in Figs. 5A through 5C4 employ an IFD module 
having an arean image detecting array and an imaging subsystem having variable focus (i.e. 
focal distance) control, such PUIM-based systems are good candidates for use in a presentation 
scanner application, as shown in Fig. 5D, as the variation in target object distance will typically 
be less than 15 or so inches from the imaging subsystem. In presentation scanner applications, 
the variable focus (or dynamic focus) control characteristics of such PUIM-based system will be' 
sufficient to accommodate for expected target object distance variations. 

Ninth Generalized Embodiment Of The PLuM - Based S y s tem Of The TWnt 



The ninth generalized embodiment of the PLIIM-based system of the present invention, 
indicated by reference numeral 80, is illustrated in Fig. 6A. As shown therein, the PUIM-based 
system 80 comprises: a housing 2 of compact construction; an area (i.e. 2-dimensional) type 
image formation and detection (IFD) module 55' including a 2-D electronic image detection 
array 55A, an area (2-D) imaging subsystem (US) 55B" having a variable focal length, a variable 
focal distance, and a variable field of view (FOV) of 3-D spatial extent, for forming a 1-D image 
of an illuminated object located within the fixed focal distance and FOV thereof and projected 
onto the 2-D image detection array 55A, so that the 2-D image detection array 55A can 
electronically detect the image formed thereon and automatically produce a digital image data 
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set 5 representative of the detected image for subsequent image processing; and a pair of planar 
laser illumination arrays (PUAs) 6A and 6B, each mounted on opposite sides of the IFD module 
55", for producing first and second planes of laser beam illumination 7 A and 7B such that the 
field of view of the image formation and detection module 55" is disposed substantially 
coplanar with the planes of the first and second planar laser iUumination beams during object 
illummahon and image detection operations carried out by the PLIIM system. While possible 
tfus system configuration would be difficult to use when packages are moving by on a high- 
speed conveyor belt, as the planar laser illumination beams would have to sweep across the 
package very quickly to avoid blurring of the acquired images due to the motion of the package 
while the image is being acquired. Thus, this system configuration might be better suited for a 
hold-under scanning application, as illustrated in Fig. 5D, wherein a person picks up a package 
holds it under the scanning system to allow the bar code to be automatically read, and then 
manually routes the package to its intended destination based on the result of the scan. 

In accordance with the present invention, the planar laser iUumination arrays (PLIAs) 
.A and 6B, the linear image formation and detection module 55", and any stationary FOV 
oldmg mirror employed in any configuration of this generalized system embodiment are 
ixedly mounted on an optical bench or chassis so as to prevent any relative motion (which 
night be caused by vibration or temperature changes) between: (i) the image forming optics 
,e.g. imagmg lens) within the image formation and detection module 55" and any stationary 
FOV folding mirror employed therewith, and (ii) each planar/ laser illumination module (i e 
aD/cylmdrical lens assembly) and each PLIB folding/sweeping mirror employed in the 
•LIIM-based system configuration. Preferably, the chassis assembly should provide for easy 
nd secure alignment of all optical components employed in the planar laser illumination arrays 
>A and 6B as well as the image formation and detection module 55", as well as be easy to 
nanufacture, service and repair. Also, this generalized PLIIM-based system embodiment 
•mploys the general "planar laser illumination" and "focus beam at farthest object distance 
PBAFOD)" principles described above. Various illustrative embodiments of this generalized 
UM system will be described below. 



The PLIIM-Ba 



it Invention Shown In 



The first illustrative embodiment of the PLIIM-based system of Fig. 6A, indicated bv 
eference numeral 80A, is shown in Figs. 6B1 and 6B2 as comprising: an area-type image 
formation and detection module 55" having an imaging subsystem 55B" with a variable focal 
length imaging lens, a variable focal distance and a variable field of view, and an area (2-D) 
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array of photo-electronic detectors 55A realized using CCD technology (e.g. the Sony ICX085AL 
Progressive Scan CCD Image Sensor with Square Pixels for B/W Cameras, or the Kodak KAF- 
4202 Series 2032(H) x 2044(V) Full-Frame CCD Image Sensor) for detecting 2-D line images 
formed thereon by the imaging subsystem 55A; a pair of planar laser iUumination arrays 6A 
and 6B for producing first and second planar laser iUumination beams 7 A and 7B; and a pair of 
PUB folding/sweeping mirrors 57A and STB, arranged in relation to the planar laser 
iUumination arrays 6A and 6B, respectively, such that the planar laser Ulumination beams are 
folded and swept so that the planar laser illumination beams are disposed substantially 
coplanar with a section of the FOV of image formation and detection module during object 
.Uummabon and image detection operations carried out by the PLHM-based system 

As shown in Fig. 6B3, the PLHM-based system of Fig. 6B1 comprises: a low-resolution 
analog CCD camera 61 having (i) an imaging lens 61B having a short focal length so that the 
field of view (FOV) thereof is wide enough to cover the entire 3-D scanning area of the system 
and its depth of field (DOF) is very large and does not require any dynamic focusing 
capabilities, and (ii) an area CCD image detecting array 61 A for continuously detecting images 
of the 3-D scanning area formed by the imaging from ambient Ught reflected off target object in 
the 3-D scanning field; a low-resolution image frame grabber 62 for grabbing 2-D image frames 
from the 2-D image detecting array 61A at a video rate (e.g. 3- frames/second or so); planar 
laser illumination arrays 6A and 6B, each having a plurahty of planar laser mumination 
modules 11A through 11F, and each planar laser iUumination module being driven by a VXD 
dnver circuit 18 embodying a digitaUy-programmable potentiometer (e.g. 763 as shown in Fig 
1I15D for current control purposes) and a microcontroUer 764 being provided for controlling the 
output optical power thereof; a stationary cylindrical lens array 299 mounted in front of each 
PLIA (6A, 6B) and ideally integrated therewith, for optically combining the individual PUB 
components produced from the PLIMs constituting the PLIA, and projecting the combined PUB 
components onto points along the surface of the object being iUuminated; area-type image 
formation and detection module 55B; planar laser iUumination beam folding/sweeping mirrors 
5TA and STB; an image frame grabber 19 operably connected to area-type image formation and 
detection module 55", for accessing 2-D digital images of the object being iUuminated by the 
planar laser Ulumination arrays 6A and 6B during image formation and detection operations- an 
image data buffer (e.g. VRAM) 20 for buffering 2-D images received from the image frane 
grabber 19; an image processing computer 21, operably connected to the image data buffer 20 
for carrying out image processing algorithms (including bar code symbol decoding algorithms) 
and operators on digital images stored within the image data buffer; and a camera control 
computer 22 operably connected to the various components within the system for controlling 
the operation thereof in an orchestrated manner. 
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imaging subsystem 55B" comprises: a first group of focal lens elements 55B1 mounted 
stahonary relative to the image detecting array 55A; a second group of lens elements 55B2 
functioning as a focal lens assembly, movably mounted along the optical bench in front of the 
first group of stationary lens elements 55A1; and a third group of lens elements 55B3 
funcuorung as a zoom lens assembly, movably mounted between the second group of focal lens 
elements 55B2 and the first group of stationary focal lens elements 55B1. In a non-customized 
application, focal distance control can also be provided by moving the second group of focal 
lens elements 55B2 back and forth with translator 55C1 in response to a first set of control 
signals 55E1 generated by the camera control computer 22, while the 2-D image detecting array 
55A remains stationary. Alternatively, focal distance control can be provided by moving the 2- 
D image detecting array 55A back and forth along the optical axis with translator 55C1 in 
response to a first set of control signals 55A generated by the camera control computer 22 while 
the second group of focal lens elements 55B2 remain stationary. For zoom control (i.e. variable 
focal length control), the focal lens elements in the third group 55B3 are typically moved relative 
to each other with translator in response to a second set of control signals 55E2 generated by the 
camera control computer 22. Regardless of the approach taken in any particular illustrative 
Embodiment, an IFD (i.e. camera) module with variable focus variable focal length imaging can 
be reahzed in a variety of ways, each being embraced by the spirit of the present inventioa 

p\eSn?InvPntinn ^ ^"^ Cenpralized Effi^dmient Of T£g rw.mm 



As the PLIIM-based systems shown in Figs. 6A through 6C4 employ an IFD module 
havmg an area-type image detecting array and an imaging subsystem having variable focal 
length (zoom) and variable focal distance (focus) control mechanism, such PUIM-based systems 
are good candidates for use in presentation scanner applications, as shown in Fig. 6C5, as the 
variation in target object distance will typically be less than 15 or so inches from the imaging 
subsystem. In presentation scanner applications, the variable focus (or dynamic focus) control 
characteristics of such PLUM system will be sufficient to accommodate for expected target 
object distance variations. All digital images acquired by this PUIM-based system will have 
substantially the same dpi image resolution, regardless of the object's distance during 
dlummation and imaging operations. 1ms feature is useful in 1-D and 2-D bar code symbol 
reading applications. 
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Exemplary Realization Of The PUTM-Based Sv^m Of Th e Present Tn^^ ^ Hn A _ 
Ko planar Laser Illumination Beams Are rnnfmll ablv Steered Ah™,* A 3-D ^ ^ ^ 

In Figs. 6D1 through 6D5, there is shown an exemplary realization of the PLIIM-based 
system of Fig. 6A. As shown, PLIIM-based system 25" comprises: an image formation and 
detection module 55'; a stationary field of view (FOV) folding mirror 9 for folding and 
projecting the FOV through a 3-D scanning region; a pair of planar laser illumination arrays 
(PLIAs) 6A and 6B; and pair of PLIB folding/sweeping mirrors 57A and STB for folding and 
sweeping the planar laser illumination beams so that the optical paths of these planar laser 
mumination beams are oriented in an imaging direction that is coplanar with a section of the 
field of view of the image formation and detection module 55" as the planar laser illumination 
beams are swept through the 3-D scanning region during object illumination and imaging 
operations. As shown in Fig. 6D3, the FOV of the area-type image formation and detection 
OFD) module 55" is folded by the stationary FOV folding mirror 9 and projected downwardly 
through a 3-D scanning region. The planar laser illumination beams produced from the planar 
laser mumination arrays (PLIAs) 6A and 6B are folded and swept by mirror 57A and STB so that 
the optical paths of these planar laser illumination beams are oriented in a direction that is 
coplanar with a section of the FOV of the image formation and detection module as the planar 
laser iUumination beams are swept through the 3-D scanning region during object Ulumination 
and imaging operations. As shown in Fig. 6D5, PLIIM-based system 25" is capable of auto- 
zoom and auto-focus operations, and producing images having constant 'dpi resolution 
regardless of whether the images are of tall packages moving on a conveyor belt structure or 
objects having height values close to the surface height of the conveyor belt structure. 

As shown in Fig. 6D2, a stationary cylindrical lens array 299 is mounted in front of each 
PLIA (6A, 6B) provided within the PLIIM-based subsystem 25". The function performed by 
cylindrical lens array 299 is to optically combine the individual PUB components produced 
from the PUMs constituting the PLIA, and project the combined PUB components onto points 
along the surface of the object being iUuminated. By virtue of this inventive feature, each point 
on the object surface being imaged will be illuminated by different sources of laser mumination 
Wed at different points in space (i.e. spatially coherent-reduced laser mumination), thereby 
reducing the RMS power of speckle-pattern noise observable at the linear image detection array 
of the PLIIM-based subsystem. 

In order that PLLIM-based subsystem 25" can be readily interfaced to and integrated 
e.g. embedded) within various types of computer-based systems, as shown in Figs. 9 through 
34C, subsystem 25" further comprises an I/O subsystem 500 operably connected to camera 
control computer 22 and image processing computer 21, and a network controller 501 for 
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enabling high-speed data communication with other computers in a local or wide area network 
usmg packet-based networking protocols (e.g. Ethernet, AppleTalk, etc.) well know in the art. 




Referring to Figs. 6E1 through 6E4, the tenth generalized embodiment of the PLIIM- 
based system of the present invention 90 will now be described, wherein a 3-D field of view 101 
and a pair of planar laser illumination beams (PLIBs) are controllably steered about a 3-D 
scanning region in order to achieve a greater region of scan coverage. 

As shown in Fig. 6E2, PLHM-based system of Fig. 6E1 comprises: an area-type image 
formation and detection module 55'; a pair of planar laser illumination arrays 6A and 6B; a pair 
o x and y axis field of view (FOV) sweeping mirrors 91A and 91B, driven by motors 92A and 
&2B, respectively, and arranged in relation to the image formation and detection module 55"- 
>nd a pan- of x and y planar laser illumination beam (PUB) folding and sweeping mirrors 57 A 
nd STB, driven by motors 94A and 94B, respectively, so that the planes of the laser iuumination 
-earns 7A, 7B are coplanar with a planar section of the 3-D field of view (101) of the image 
ormation and detection module 55" as the PLIBs and the FOV of the IFD module 55" are 
synchronously scanned across a 3-D region of space during object illumination and image 
ietecbon operations. , a 

As shown in Fig. 6E3, the PLHM-based system of Fig. 6E2 comprises: area-type image 
ormation and detection module 55" having an imaging subsystem 55B" with a variable focal 
length unaging lens, a variable focal distance and a variable field of view (FOV) of 3-D spatial 
extent, and an area (2-D) array of photo-electronic detectors 55A realized using CCD technology 
e.g. the Sony ICX085AL Progressive Scan CCD Image Sensor with Square Pixels for B/W 
-ameras, or the Kodak KAF-4202 Series 2032(H) x 2044(V) Full-Frame CCD Image Sensor) for 
letectmg 2-D images formed thereon by the imaging subsystem 55A; planar laser illummation 
rrays, 6A, 6B, wherein each VLD 11 is driven by a VLD driver circuit 18 embodying a digitally- 
programmable potentiometer (e.g. 763 as shown in Fig. 1I15D for current control purposes) and 
a microcontroller 764. being provided for controlling the output optical power thereof a 
stationary cylindrical lens array 299 mounted in front of each PUA (6A, 6B) and ideally 
integrated therewith, for optically combining the individual PLIB components produced from 
the PLIMs constituting the PLIA, and projecting the combined PLIB components onto points 
afong the surface of the object being iUuminated; x and y axis FOV steering mirrors 91A and 

1^ " ^ PLIB SWCepin6 °* m 57A 57B; frame 8«*ber » operably 

connected to area-type image formation and detection module 55A, for accessing 2-D digital 
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unages of the object being illuminated by the planar User illuminabon arrays (PUAs, 6A and 6B 
dunng ,mage formadon and detection operations; an image data buffer ! VkI^Z 

.S^dfn g bar code symbol decodes, I~ t ^ 
.ored wruun the image da, buffer; and a camera centre, computer 22 operabiy ^2 Z 

orchestrated manner. Area-type image formadon and defecHon module 55" can be realized 
usmg a vanety of commercially available high-speed area-h™ rrn 
for example, the KAF-4202 Series 2032(H) ' 2^^ ^ T "* 

e 3-C held of v.ew (FOV, of me image formahon and delechon module 55" is shov™ 

57B to steer the pa„ of planar la se , Oluminadon beams (PUBs) 7A and 7R ;„ „ , 

* accordance with fhe present invenbon. me P W ^ alumina*! arrays £Z a 

nd 91B, and PUB fo.dmg/sweeplng mirrors 57A and STB employed in this system 
^nnen are mounted on an opdcal bench or chases so as to preven, any reladvl 

»gh. be caused by vibrahon or temperature changes, behveem ,1, I image fo r2 
(e.g. .magmg , ens) ^ te jmage ^ « J™« 

nl! rZT?. 9 n — - d » «* «*» - —on 

nodule (i.e. VLD/cyhndncal lens assembly) and each PT m ma^ , ■ 
;7R ^ , . . . y; eacft mB folding/sweeping mirror 57A and 

bould prov.de for easy ar* secnre ahgnmen, of aJl optical component employed in me p. J 
£er dlununauon arrays 6A and 6B as wed as me image formadon and de4m module ^ 

"* 10 manUfac,ure < «*• - »P*. Abe, Uds PUIM-based system embodta- 
emp.oys the general "planar laser illuminadon beam" and "focus beamCZ^T! 

—zt r p,es *— abo - — — ^ zzzrz: 

generalized PLUM-based system will be described below. 
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In Fig. 7 A, a first illustrative embodiment of the hybrid holographic/CCD PLHM-based 
system of the present invention 100 is shown, wherein a holographic-based imaging subsystem 
is used to produce a wide range of discrete field of views (FOVs), over which the system can 
acquire images of target objects using a linear image detection array having a 2-D field of view 
(FOV) that is coplanar with a planar laser illumination beam in accordance with the principles 
of the present invention. In this system configuration, it is understood that the PLHM-based 
system will be supported over a conveyor belt structure which transports packages past the 
PLHM-based system 100 at a substantially constant velocity so that lines of scan data can be 
combined together to construct 2-D images upon which decode image processing algorithms 
can be performed. 

As illustrated in Fig. 7A, the hybrid holographic/CCD PLHM-based system 100 
comprises: (i) a pair of planar laser illumination arrays 6A and 6B for generating a pair of planar 
laser illumination beams 7 A and 7B that produce a composite planar laser illumination beam 12 
for illuminating a target object residing within a 3-D scanning volume; a holographic-type 
cylindrical lens 101 is used to collimate the rays of the planar laser illumination beam down 
onto the conveyor belt surface; and a motor-driven holographic imaging disc 102, supporting a 
plurality of transmission-type volume holographic optical elements (HOE) 103, as taught in US. 
Patent No. 5,984,185, incorporated herein by reference. Each HOE 103 on the imaging disc 102 
has a different focal length, which is disposed before a linear (1-D) CCD image detection array 
3A. The holographic imaging disc 102 and image detection array 3A function as a variable-type 
imaging subsystem that is capable of detecting images of objects over a large range of object 
distances within the 3-D FOV (10") of the system while the composite planar laser illumination 
oeam 12 iUuminates the object. 

As illustrated in Fig. 7 A, the PLHM-based system 100 further comprises: an image frame 
grabber 19 operably connected to linear-type image formation and detection module 3A, for 
accessing 1-D digital images of the object being illuminated by the planar laser illumination 
arrays 6A and 6B during object illumination and imaging operations; an image data buffer (e.g. 
VRAM) 20 for buffering 2-D images received from the image frame grabber 19; an image 
processing computer 21, operably connected to the image data buffer 20, for carrying out image 
processing algorithms (including bar code symbol decoding algorithms) and operators on 
digital images stored within the image data buffer; and a camera control computer 22 operably 
connected to the various components within the system for controlling the operation thereof in 
an orchestrated manner. 
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As shown in Fig. 7B, a coplanarrelaBonship exists belw M nHv.„i , .„ 
«-W produced by the pla „a r , aser m^^Za^Z 
*w (FOV) Mr produced by ^ variaWe h0 , la " in 1 °' 

(bribed above. An advance o f .His hybHd ZLS^^^^T 
he generation of a 3-D phased scanning volume havingLnpSC^h "t" 
>f Hi hotographicbased variaMe foca. iength taging subsysti ^ **" * 




listen, is used ,o produce a wide of tZ^^S!^ ^ 
As illustrated in Fig. 8A, the hybrid holographic/CCD PITTM u , 

driven hoiographic nnaging disc 102, supporting a p, ^ 3 m0t ° r " 

55A funcln as a ^^^^^^15 
ov« a targe range of o bi ec, ( ,e. working, distances wiZt » 

As illustrated in Fig. 8A, the PLUM-based svstem mr f,,^ 

VRAM1 ,n f u « J1 ^at,on and imaging operations; an image data buffer fe e 

VRAM) 20 for buffering 2-D images receivpd f™ m m. • ( S " 

5 images received from the image frame grabber 19; an image 
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processmg computer 21, operably connected to the image data buffer 20, for carrying out image 
processing algorithms (including bar code symbol decoding algorithms) and operators on 
digital images stored within the image data buffer; and a camera control computer 22 operably 
connected to the various components within the system for controlling the operation thereof in 
an orchestrated manner. 

As shown in Fig. 8B, a coplanar relationship exists between the planar laser illumination 
beam(s) produced by the planar laser illumination arrays (PUAs) 6A and 6B, and the variable 
field of view (FOV) 10" produced by the variable holographic-based focal length imaging 
subsystem described above. The advantage of this hybrid system design is that it enables the 
generation of a 3-D image-based scanning volume having multiple depths of focus by virtue of 
the holographic-based variable focal length imaging subsystem employed in the PUIM system 




Referring now to Figs. 9, 10 and 11, a unitary package identification and dimensioning 
system of the first illustrated embodiment 120 will now be described in detail. 

As shown in Fig. 10, the unitary system 120 of the present invention comprises an 
mtegration of subsystems, contained within a single housing of compact construction supported 
above the conveyor belt of a high-speed conveyor subsystem 121, by way of a support frame or 
like structure. In the illustrative embodiment, the conveyor subsystem 121 has a conveyor belt 
width of at least 48 inches to support one or more package transport lanes along the conveyor 
belt. As shown in Fig. 10, the unitary system comprises four primary subsystem components 
namely: (1) a LADAR-based package imaging, detecting and dimensioning subsystem 122 
capable of collecting range data from objects on the conveyor belt using a pair of multi- 
wavelength (i.e. containing visible and IR spectral components) laser scanning beams projected 
at different angular spacings as taught in copending US Application No. 09/327,756 filed June 
7, 1999, supra, and International PCT Application No. PCT/US00/15624 filed June 7, 2000, 
incorporated herein by reference, and now published as WIPO Publication No. WO 00/75856 
Al, on December 14, 2000; (2) a PLIIM-based bar code symbol reading subsystem 25', as shown 
in Figs. 3E4 through 3E8, for producing a scanning volume above the conveyor belt, for 
scanning bar codes on packages transported therealong; (3) an input/output subsystem 127 for 
managing the inputs to and outputs from the unitary system, including inputs from subsystem 
25'; (4) a data management computer 129 with a graphical user interface (GUI) 130, for realizing 
a data element queuing, handling and processing subsystem 131, as well as other data and 
system management functions; and (5) and a network controller 132, operably connected to the 
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Z TT l J c °™* ms " sys,em 120 10 local ~ ~ <"*» — - 

wrfh the tunnei-based system, as weU as Cher packer-based data communicafion networks 
suppotfing vanous nefivork protocols (e.g. Ethernet, n>, etc). Also, the network communication 
controller ,32 enables me unitary system to receive data utpu* from . number of ^ 
mdudtng, for «amp,e: weighing-in-moHon subsystem ,32, shown in Fig. .0 for weighing 
packages as they are transported along the conveyor belt; an RF-teg reading subsystem fo 

ml7dT,t7 s ; n packages as they are " anspor,ed aions - ^ - -i; 

mounted belt fachomefer for measuring the insten, vetacfty of the >*., and package transported 
therealong; etc. In addifion, an opfica, filter (FO) network connote 133 may be providL for 

ri^r* or °** t ~ protoco1 ° ra a fl,,CT * — 2 

medtmn. The advance of fiber opfica. cable is ma, if can be run fhousands of fee, within and 
abou, an mdusfiia, work environmen, whi.e supporfing high information fransfer rates 
(reoutred for .mage lift and fransfer operafions) wiftou, information ,oss. TKs fiber-opfic data 
communicafion interface enables me funare.-based system „, Fig. , t0 be ^ of 
fee, away from a keying station in a package roufing hub (i.e. center,, where lifted digital 
images and OCR (or barcode, date are simuftaneously displayed onfhedisptey of a computer 
work stefion. Each bar code and/or OCR image processed by fiurne, system 120 is inde^m 

ttueshold, men me hfted unage and bar code a,d/or OCR date are simultaneously dismayed 
forahuman-key-operator.toverifyandcor^filedate.ifnecessary. 

While a LADAR-based package imaging, detecting and dimensioning subsystem 122 is 
shown embodied wiftin system 120, 1, „ understood ma, ofter ,ype s of package ima^ 
detecfing and dunensioning subsystems based on non-LADAR height/range date acquis^ 
tec^ues ( e.g. laser-Ulumlnafion/CCD-imagmg based fiiangulauon techru ues, may" 
loreahze ft, ^mutery package idenfficafion and dimensioning system of the presen, invention 

subsystem 122 compos an integrafion of subsystems, namely: a package velod,! 
measurement subsystem 123, for measuring the vefocity of Sported packages by analyzfi! 
ange-based heigh, date maps generated by fte difteren, angu.ar,y displed AmZ 
^annmg beams of «he subsystem, using fte invenfive methods disclosed in fotemafional PCT 
AppUcafion No. FCT/USOO/15624 filed December 7, 20O0, supra; a package-in-fte-tunne, 
ffm) mdtcabon (re. detecfion, subsystem 125, for aufomafically detecfing fte presence of each 
package movmg through fte scanning volume by reflecfing a portion of one „, fte .aser 
-nnmg beams across fte width of fte conveyor be,, in a refto-reflecfive manner and Z 

mtefu 8 Tp^T Si8nal ^ ** deliVaSVe ^ ^osed in 

mtemafiona, PCT Appficafion No. PCT/USOO/,5624 ffled December 7, 2000; a package (x y" 
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taght/width/length dimensioning (or profiling, subsystem 124, integrated within subsystem 
122, for producing x,y,z profile date sets for detected packages, referenced agains, one or more 
coordmate reference systems symbolically embedded within subsystem 122, and/or unitary 
system 120; and a package-our-of-the-tunnel (FOOT) indication (i.e. detection) subsystem 125 
integrated within subsystem .22, realized using, for example, predictive technim.es based on 
the output of the PITT indication subsystem 125, for automatically detecting the presence „, 
packages moving out of the scanning volume. 

Tire primary function of LDIP subsystem 122 is to measure dimensional characteristics 
of packages passing through the scaling volume, and produce package dimension date (i e a 
package date element, for each dimensioned package. The primary function of image-based 
scannmg subsystem 25' is to read bar code symbob on dimensioned packages and produce 
package identification date (e.g. package date element, representative of each identified 
package. The primary function of the I/O subsystem 127 is to transport package dimension 
data elements and package.identification date elements to the date element queuing, handling 
and processing subsystem 131. The primary function of the date element queuing handUng 
and proving, subsystem 131 to BnJc ^ package ^ ^ g 

corresponding package identification date efement, and ,„ transport such date element pairs to 
an ap propriate hosl ^ for ^ ^ ^ ^ 

subsystems, etc.). By embodying subsystem 25' and LDIP subsystem 122 within a sinl 
housing 121, an uhra-compac, device is provided that can dimension, identify and track 
packages moving along the package conveyor without requiring the use of any externa, 
peripheral input devices, such as tachometers, fight-curtains, etc. 

In Fig. 11, the subsystem architecture of unitary PLDM-based package dimensioning and 
identification system 140 is schematically Hlustrated in greater detail. As shown, various 
information signals (e.g., Velocity,,,, fntensiryW, Heigh,(t), Widths Lengthft) ) are 
automaticaUy generated by LDIP subsystem 122 and provided to the camera contro, computer 
B embodied within PLDM-based subsystem 25'. NotoMy, the intensity,,) date signal generated 
from LDIP subsystem 122 represents the magnitude component of the polar-coordinate 
referenced range-map data stream, and specifies die "surface reflectivity" characteristics of the 
scanned package. The function of me camera contiol computer 22 is to generate digitel camera 
contio. signals which are provided to <he fFD subsystem <i.e. " variable zoom/focus camera", 
3 so tha, subsystem 25" car, carry ou, ite diverse functions in an integrated manner, including 
but no, umited to: („ automatically capturing digitel images havmg (i, square pixels (i.e. H 
.spec, ratio, independent of package heigh, or velocity, (U) significa^tty reduced speckle-noise 
levels, and (ui) constant im ag e resolutio „ measured ta ^ ^ ^ ^ 

package he,gh, or velocity and without me use m cosfly telecentiic optics employed by prior art 
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During system operation, the PLIIM-based subsystem 25' autom^ n 

perrures 165A1, 165A2 and 165A3, there is formed a completely open li<rhf h- • • 
apertu™ 165 B, defined by vertices ^ wWch J^J^ ^ ~«» 
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side opening of the system housing 161, defined by vertices ABCD Th.,. « 
pane, 169 is ,„ enabfe authored personne, ,o access T££JZ " "* 

giass windows provided over Hgh, transmission apel^ 8 £ ^ *" * 
consideradoninmosfind^alscanningenvironrnL S29A ' 28 ' 29B ' 

As shown in Figs. 12B, the LD1P subsystem 122 is mounted wffhin the . - 
compartment 164, along with beam folding mirror 163 directed ,„ T 
transmission aperture 166 formed in the bottl panel * 3 
opucaUy-isolated manner from the fa, seVoTZ^ C ° mPar,ment h " 

-A3. The nmction of the beam T «» - 

pro^tsdualangu,^^^ 

housing, off beam folding mirror 163, and towards a large, obieo Tb e T \ 
profiled in accordance with the nri„,™i , • ^ dimensioned and 

No. 09/327,256 med^ne 7 Z ^"7,^ " US 
PCT/US00/15624, supra A J' ,ht r h,T ti<>nal A[,,>liCa,i0n 

^.Shtfobeco ^dan^r:— ^ "~ 
~ -.stem 2, The function performed Z^^'^^l 

O e. spatially coherent-reduced laser Uluminauon,, thereby e^™ P ° m ': " ^ 

^era POV -C^T.^^ IT" ^ — ' * 

^ *u v ll; racics 6A and 6B assodated with th* pt i a-. 
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521A and 521B for producing a pair of AM k ^ ^ ' pi " r ° f 

subsystem; a motor-dHven J^^LIZ ^ ^ *" " * * 
I— acrosa the rotaung 47 J^^^T* »*« ™ - 

aser beams and directing ft. sam e out int0 ^ ^"^'"T^ ** 
scanning angles, so enable the scanning of packages aTl k " *" " 
via AM User beam. 167A/167B; . £ * ~" * « 
reflected off a package scanned by the first AM lase/beam A fi ' ^ ^ " 8l " 

focusing this coflected laser Ugh. L a fiT^ %h ' faa *» lms 524 

signal corresponding to the received AMI t , 8WWrali " 8 3 *** elertrial 

detector 525; a second colC™ Ic fu ^m ^ *~ 

scanned by the second AM £ ^ " ^ ^ — °**e package 

collected .aser light ,„ a second flT T 8 ° CUSinS 527 fa 

detecting receJd C ZZZLT* Z 1 528 * 

electrical aigna, correapolgTul T ^ ~ S " ^ 

avalanche-type phoWetector 528- J deteC ' ed * *« — * 

p » which. : ju- * » ; 1™° : r r se mcmory (e * 

he LDIP subsystem ,22 for _ o °~ ~ *• «->»*« P"*>™ uaed in 
■perafions performed .hereby HTLT ^.7* de,eCH<m ** *—* 

10. 09/327,756 «,e ^ 7 T W ^ " "* * ™* ^Won 

™ /15 624, C ' ^ PCT App„ca«„„ No 

o -uig operauons, and a second movable lens cm t 

■ovements relafive to the firs, movabIe lens svstem „, ~~ ***** 
luring image focusing operas NoUblvT T !! Sta " 0nMy SyStem 530 

riven by lena group .LJT^ ™ a ^ m ' *« - 

-era control Iputo ^ tl "* - - of the 

otenai, .ornrahol ^ ™ ~ ^ and range 
Subsystem r of ft, iUusfraove embodiment will be *rtb^Td^ ^ 
k-oe,o tt e b b I e S andgraph,showninF i g.2 1 ,22aIdJ ^ 
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to Figs. ISA through 13C, there is shown an alternative system housing design 540 for 
use w„h the unitary package identification and dimensioning subsystem 0 f thTpTJ 
■nvenbon. As shown, the housing 540 has the same Ugh. transmission apertures of me housing 
destgn shown in Figs. ,2A and ,2B, bu, has no housing pa„e.s disposed about the Ugh 

ffUBs, and me held of vew (FOV) of the PLHM-based subsystem extend, respecfivdy This 

ir,° P ' eSen ' taVentt ° n PIOVidK 3 ° f *» 0* housing recess, into which an 

opbona, dev.ce (no, shown, can be mounted for carryjng „„, , 

wrthan a compact box ma, fits within said housing recess, in accordance with the prmcip.es of 

LTTnTT ^ tt ~° n ^ 543 enab,K "» ^ <— • M^OT 
from me LDff subsystem ,22 .o project out from the housing. Figs. ,3B and ,3C provide 

different perspecHve views of this alternaHve housing design. 

b„H •„ ^r 8 ' H SyStem aIChiteChlK °' * C U " itay < PU1M +-«<"> Parage dimensioning 
nd denhficauon system ,20 is shown in greater detei,. As shown therein, the LDn> subsystem 
622 embodied therem comprises: a Real-Time Package Heigh, Profiling And Edge Detecfion 
Wssmg ModuJe 550; and an L Dff Package Dimensions 55, provided wim an integral 
ackage velocfy deiefion moduie that computes me vdocity o, ported packages basTd on 
■ackage range (i.e. heigh,) date maps produced by me from end of the LDD> subsystem 122 as 

1 7 ToT*; ^ ta C0P€ndlng US APPUCati0n N °- " S No - fiied 

TmPn T. T a0ral APP " Ca,i0 ' PCr/US0 °/ 15 «M. «" June 7, 2000, published 
.y WTPO on December ,4, 2000 under W,PO No. WO 00/75856 incorporated herein by 
reference .„ «, entirety. The funcfion of Rea,-Time Package Heigh, Profifing And Edge 
Detechon Passing Modute 550 is to au,„matica„y process raw date received by me LDff 
subsystem ,22 and generate, as oufpu, fime-stemped data sets ,ha, are tranJned ,o me 
camera contro, computer 22. m bam, me camera contro. computer 22 automatically processes 
*e ^ved bme-stemped date sets and generates rea,-fime camera contro, signab ma, drive 
me focus and zoom lens group translator, within a high-speed auto-focus/au,,,^ ^ 
amera subsystem (i.e. the IFD m„du,e, 3" so that me image grabber „ emp,oyed meL 
a fomancaUy caputs digHa, images having („ souare pixels (Le. ,:, aspec, rauo, independen, 
of package heigh, or velocfiy. (2) significant* reduced ^noise ,evels, and (3) conaten, 
unage resoMon measured in dote per inch (dpi, independen, o, package heigh, or vetocity. 
Ita. d,g,tel unages are men provided to the image processing computer 2, for various typl 
or image processing described in detail hereinabove. 

L. • A ^ K 5 * ^ ** ^ ^ "Parafions tha, are 

ZiT™ ^ Ttae Packa8e Heisht r ' omk,s M Mge Detertion *** 

x30w,mmLDrPsubsystem,22employedmmePUIM+asedsy S teml20. 
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As illustrated at Block A in Fig. 15, a row of raw range data collected by the LDIP 
subsystem 122 is sampled every 5 milliseconds, and time-stamped when received by the Real- 
Time Package Height Profiling And Edge Detection Processing Module 550. 

As indicated at Block B, the Real-Time Package Height Profiling And Edge Detection 
Processing Module 550 converts the raw data set into range profile data R=f (int. phase) 
referenced with respect to a polar coordinate system symbolically embedded in the LDIP 
subsystem 122, as shown in Fig. 17. 

At Block C, the Real-Time Package Height Profiling And Edge Detection Processing 
Module 550 uses geometric transformations (described at Block C) to convert the range profit 
data set R[i] into a height profile data set h[i] and a position data set x[ij. 

At Block D, the Real-Time Package Height Profiling And Edge Detection Processing 
Module 550 obtains current package height data values by finding the prevailing height using 
package edge detection without filtering, as taught in the method of Fig. 16. 

At Block E, the Real-Time Package Height Profiling And Edge Detection Processing 
Module 550 finds the coordinates of the left and right package edges (LPE, RPE) by searching 
for the closest coordinates fromthe. edges of the conveyor belt (X., X,) towards the center 
thereof. 

At Block F, the Real-Time Package Height Profiling And Edge Detection Processing 
Module 550 analyzes the data values {R(nT)J and determines the X coordinate position range 
X AU X* (measured in R global) where the range intensity changes (i) within the spatial bounds 
(Xlpe/ Xrpe), and (ii) beyond predetermined range intensity data thresholds. 

At Block G in Fig. 15, the Real-Time Package Height Profiling And Edge Detection 
Processing Module 550 creates a time-stamped data set (X. E( h, Xrpe , V b , nT) by assembling the 
following six (6) information elements, namely: the coordinate of the left package edge (LPE) 
the current height value of the package (h); the coordinate of the right package edge (RPE)- X 
coordinate subrange where height values exhibit maximum intensity changes and the height 
values within said subrange; package velocity (V b ); and the time-stamp (nT). Notably the 
belt/package velocity measure V b is computed by the LDIP Package Dimensioner 551 within 
LDIP Subsystem 122, and employs integrated velocity detection techniques described in 
copending US Application No. US Application No. 09/327,756 filed June 7, 1999 and 
International Application No. PCT/US00/15624, filed June 7, 2000, published by WIPO on 
December 14, 2000 under WIPO No. WO 00/75856 incorporated herein by reference in its 
entirety. 

Thereafter, at Block H in Fig. 15, the Real-Time Package Height Profiling And Edge 
Detection Processing Module 550 transmits the assembled (hextuple) data set to the camera 
control computer 22 for processing and subsequent generation of real-time camera control 
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signals that are transmitted to the Auto-Focus/Auto-Zoom Digital Camera Subsystem 3". 
These operation will be described in greater detail hereinafter. 

Fig. 16 sets forth a flow chart describing the primary data processing operations that are 
carried out by the Real-Time Package Edge Detection Processing Method which is performed by 
the Real-Time Package Height Profiling And Edge Detection Processing Module 550 at Block D 
in Fig. 15. This routine is carried out each time a new raw range data set is received by the Real- 
Time Package Height Profiling And Edge Detection Processing Module, which occurs at a rate 
of about every 5 milliseconds or so in the illustrative embodiment. Understandably, this 
processing time may be lengthened and shortened as the applications at hand may require. 

As shown at Block A in Fig. 16, this module commences by setting (i) the default value 
for x coordinate of the left package edge equal to the x coordinate of the left edge pixel of 
the conveyor belt, and (ii) the default pixel index i equal to location of left edge pixel of the 
conveyor belt I a . As indicated at Block B, the module sets (i) the default value for the x 
coordinate of the right package edge X m equal to the x coordinate of the right edge pixel of the 
conveyor belt 1,,, and (ii) the default pixel index i equal to the location of the right edge pixel of 
the conveyor belt 1,,. 

At Block C in Fig. 16, the module determines whether the search for left edge of the 
package reached the right edge of the belt (I b ) minus the search (i.e. detection) window size 
WIN. Notably, the size of the WIN parameter is set on the basis of the noise level present 
within the captured image data. 

At Block D in Fig. 16, the module verifies whether the pixels within the search window 
satisfy the height threshold parameter, Hthres. In the illustrative embodiment, the height 
threshold parameter Hthres is set on the basis of a percentage of the expected package height of 
the packages, although it is understood that more complex height thresholding techniques can 
be used to improve performance of the method, as may be required by particular applications. 

At Block E in Fig. 16, the module verifies whether the pixels within the search window 
are located to the right of the left belt edge. 

At Block F in Fig. 16, the module slides the search window one (1) pixel location to the 
right direction. 

At Block G in Fig. 16, the module sets: (i) the x-coordinate of the left edge of the package 
to equal the x-coordinate of the left most pixel in the search window WIN; (ii) the default x- 
coordinate of the package's right edge equal to the x-coordinate of the belt's right edge; and (iii) 
the default pixel location of the package's right edge equal to the pixel location of the belt's right 
edge. 

At Block H in Fig. 16, the module verifies whether the search for right package edge 
reached the left edge of the belt, minus the size of the search window WIN. 



-310- 



Attorney Case No^^ I7USA000 



At Block I in Fig. 16, the module verifies whether the pixels within search window WIN 
satisfy the height threshold Hthres. 

As Block J in Fig. 16, the module verifies whether the pixels within search window are 
located to the left of the belt's right edge. 

At Block K in Fig. 16, the module sides the search window one (1) pixel location to the 
left direction. 

At Block L in Fig. 16, the module sets the RIGHT package x-coordinate to the x- 
coordinate of the right most pixel in the search window. 

At Block M in Fig. 16, the package edge detection process is completed. The variables 
LPE and RPE (i.e. stored in its memory locations) contain the x coordinates of the left and right 
edges of the detected package. These coordinate values are returned to the process at Block D in 
the flow chart of Fig. 15. 

Notably, the processes and operations specified in Figs. 15 and 16 are carried out for 
each sampled row of raw data collected by the LDIP subsystem 122, and therefore, do not rely 
on the results computed by the computational-based package dimensioning processes carried 
out in the LDIP subsystem 122, described in great detail in copending US Application Mo. 
09/327,756 filed June 7, 1999, and incorporated herein reference in its entirety. This inventive 
feature enables ultra-fast response time during control of the camera subsystem. 

As will be described in greater detail hereinafter, the camera control computer 22 
controls the auto-focus/auto-zoom digital camera subsystem 3" in an intelligent manner using 
the real-time camera control process illustrated in Figs. 18A and 18B. A particularly important 
inventive feature of this camera process is that it only needs to operate on one data set at time a 
time, obtained from the LDIP Subsystem 122, in order to perform its complex array of functions. 
Referring to Figs. 18A and 18B, the real-time camera control process of the illustrative 
embodiment will now be described with reference to the data structures illustrated in Figs. 19 
and 20, and the data tables illustrated in Figs. 21 and 23. 

Real-Time Camera Control Process Of The Present Invention 



In the illustrative embodiment, the Real-time Camera Control Process 560 illustrated in 
igs. 18A and 18B is carried out within the camera control computer 21 of the PLIIM-based 
system 120 shown in Fig. 9. It is understood, however, that this control process can be carried 
out within any of the PLUM-based systems disclosed herein, wherein there is a need to perform 
automated real-time object detection, dimensioning and identification operations. 

This Real-time Camera Control Process provides each PLUM-based camera subsystem of 
the present invention with the ability to intelligently zoom in and focus upon only the surfaces 
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of a detected object (e.g. package) which might bear object identifying and/or characterizing 
information that can be reliably captured and utilized by the system or network within which 
the camera subsystem is installed. This inventive feature of the present invention significantly 
reduces the amount of image data captured by the system which does not contain relevant 
information. In turn, this increases the package identification performance of the camera 
subsystem, while using less computational resources, thereby allowing the camera subsystem to 
perform more efficiently and productivity. 

As illustrated in Figs. 18A and 18B, the camera control process of the present invention 
has multiple control threads that are carried out simultaneously during each data processing 
cycle (i.e. each time a new data set is received from the Real-Time Package Height Profiling And 
Edge Detection Processing Module 550 within the LDIP subsystem 122). As illustrated in this 
flow chart, the data elements contained in each received data set are automatically processed 
within the camera control computer in the manner described in the flow chart, and at the end 
of each data set processing cycle, generates real-time camera control signals that drive the zoom 
and focus lens group translators powered by high-speed motors and quick-response linkage 
provided jsdthin high-speed auto-focus/auto-zoom digital camera subsystem (i.e. the IFD 
module) 3" so that the camera subsystem 3" automatically captures digital images having (1) 
square pixels (i.e. 1:1 aspect ratio) independent of package height or velocity, (2) significantly 
reduced speckle-noise levels, and (3) constant image resolution measured in dots per inch (DPI) 
independent of package height or velocity. Details of this control process will be described 
?elow. 

As indicated at Block A in Fig. 18A, the camera control computer 22 receives a time- 
stamped hextuple data set from the LDIP subsystem 122 after each scan cycle completed by AM 
laser beams 167A and 167B. In the illustrative embodiment, this data set contains the following 
data elements: the coordinate of the left package edge (LPE); the current height value of the 
package (h); x coordinate subrange , and exhibit maximum intensity changes or variations (e.g. 
indicative of text or other graphic information markings) and the height values contained 
within said subrange; the coordinate of the right package edge (RPE); package velocity (V b ); 
and the time-stamp (nT). The data elements associated with each current data set are initially 
buffered in an input row (i.e. Row 1) of the Package Data Buffer illustrated in Fig. 19. Notably, 
the Package Data Buffer shown in Fig. 19 functions like a six column first-in-first-out (FIFO) 
data element queue. As shown, each data element in the raw data set is assigned a fixed 
column index and (variable) row index which increments as the raw data set is shifted one 
index unit as each new incoming raw data set is received into the Package Data Buffer. In the 
illustrative embodiment, the Package Data Buffer has M number of rows, sufficient in size to 
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determine the spatial boundaries of a package scanned by the LDEP subsystem using real-time 
sampling techniques which will be described in detail below. 

As indicated at Block A in Fig. 18A, in response to each Data Set received, the camera 
control computer 22 also performs the following operations: (i) computes the optical power 
(measured in milliwatts) which each VLD in the PLIIM-based system 25" (shown in Figs. 3E1 
through 3E8) must produce in order that each digital image captured by the PLIIM-based 
system will have substantially the same "white" level, regardless of conveyor belt speed; and 
(2) transmits the computed VLD optical power value(s) to the microcontroller 764 associated 
with each PLIA in the PLHM-based system. The primary motivation for capturing images 
having a substantially the same "white" level is that this information level condition greatly 
simplifies the software-based image processing operations to be subsequently carried out by the 
image processing computer subsystem. Notably, the flow chart shown in Figs. 18C1 and 18C2 
describes the steps of a method of computing the optical power which must be produced from 
each VLD in the PLIIM-based system, to ensure the capture of digital images having a 
substantially uniform "white" level, regardless of conveyor belt speed. This method will be 
described below. 

As indicated at Block A in Fig. 18C1, the camera control computer 22 computes the Line 
Rate of the linear CCD image detection array (i.e. sensor chip) 3A based on (i) the conveyor belt 
speed (computed by the LDIP subsystem 122), and (ii) the constant image resolution (i.e. in 
dots per inch) desired, using the following formula: Line Rate? [Belt Velocity] x[ Resolution!. 

As indicated at Block B in Fig. 18C1, the camera control computer 22 then computes the 
photo-integration time period of the linear image detection array 3A required to produce digital 
images having a substantially uniform "white" level, regardless of conveyor belt speed. This 
step is carried out using the formula: Photo-Integration Time Period=l/Line Rate. 

As indicated at Block C in Fig. 18C2, the camera control computer 22 then computes the 
optical power (e.g. milliwatts) which each VLD in the PLHM-based system must illuminate in 
order to produce digital images having a substantially uniform "white" level, regardless of 
conveyor belt speed. This step is carried out using the formula: VLD Optical Power= 
Constant/Photo-Integration Time Period. 

Once the VLD Optical Power is computed for each .VLD in the system, the camera 
control computer 22 then transmits (i.e. broadcasts) this parameter value, as control data, to 
each PLIA microcontroller 764 associated with each PLIA, along with a global timing (i.e. 
synchronization) signal. The PLIA micro-controller 764 uses the global synchronization signal 
to determine when it should enable its associated VLDs to generate the particular level of 
optical power indicated by the currently received control data values. When the Optical Power 
value is received by the microcontroller 764, it automatically converts this value into a set of 
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digital control signals which are then provided to the digitally-controlled potentimeters (763) 
associated with the VLDs so that the drive current running through the junction of each VLD is 
precisely controlled to produce the computed level of optical power to be used to ffluminate the 
object (whose speed was factored into the VLD optical power calculation) during the 
subsequent image capture operations carried out by the PLIIM-based system. 

In accordance with the principles of the present invention, as the speed of the conveyor 
belt and thus objects transported therealong will vary over time, the camera control process, 
running the control subroutine set forth in Figs. 18C1 and 18C2, will dynamically program each 
PLIA microcontroller 764 within the PLIIM-based system so that the VLDs in each PLIA 
uluminate at optical power levels which ensure that captured digital images will automatically 
have a substantially uniform "white" level, independent of conveyor belt speed. 
| Notably, the intensity control method of the present invention described above enables 
the electronic exposure control (EEC) capability provided on most linear CCD image sensors to 
be disabled during normal operation so that image sensor's nominal noise pattern, otherwise 
distorted by the EEC aboard the imager sensor, can be used to perform offset correction on 

captured image data. . i 

Returning now to Block B in Fig. 18A, the camera control computer 22 analyzes the 
height data in the Package Data Buffer and detects the occurrence of height discontinuities, and 
based on such detected height discontinuities, camera control computer 22 determines the 
corresponding coordinate positions of the leading package edges specified by the left-most and 
right-most coordinate values (LPE and RPE) contained in the data set in the Package Data 
Buffer at the which the detected height discontinuity occurred. 

At Block C in Fig. 18A, the camera control computer 22 determines the height of the 
package associated with the leading package edges determined at Block B above. 

At Block D in Fig. 18A, at this stage in the control process, the camera control computer 
22 analyzes the height values (i.e. coordinates) buffered in the Package Data Buffer, and 
determines the current "median" height of the package. At this stage of the control process, 
numerous control "threads" are started, each carrying out a different set of control operations in 
the process. As indicated in the flow chart of Figs. 18A and 18B, each control thread can only 
continue when the necessary parameters involved in its operation have been determined (e.g. 
computed), and thus the control process along a given control thread must wait until all 
involved parameters are available before resuming its ultimate operation (e.g. computation of a 
particular intermediate parameter, or generation of a particular control command), before 
ultimately returning to the start Block A, at which point the next time-stamped data set is 
received from the Real-Time Package Height Profiling And Edge Detection Processing Module 
550. In the illustrative embodiment, such data set input operations are carried out every 5 
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milliseconds, and therefore updated camera commands are generated and provided to the auto- 
focus/auto-zoom camera subsystem at substantially the same rate, to achieve real-time adaptive 
camera control performance required by demanding imaging applications. 

As indicated at Blocks E, F, G H, I, A in Figs. ISA and 18B, a first control thread runs 
from Block D to Block A so as to reposition the focus and zoom lens groups within the auto- 
focus/auto-zoom digital camera subsystem each time a new data set is received from the Real- 
Time Package Height Profiling And Edge Detection Processing Module 550. 

As indicated at Block E, the camera control computer 22 uses the Focus/Zoom Lens 
Group Position Lookup Table in Fig. 21 to determine the focus and zoom lens group positions 
based which will capture focused digital images having constant dpi resolution, independent of 
detected package height. This operation requires using the median height value determined at 
Block D, and looking up the corresponding focus and zoom lens group positions listed in the 
ocus/Zoom Lens Group Position Lookup Table of Fig. 21. 

At Block F, the camera control computer 22 transmits the Lens Group Movement 
translates the focus and zoom lens group positions determined at Block E into Lens Group 
Movement Commands, which are then transmitted to the lens group position translators 
employed in the auto-focus/auto-zoom camera subsystem (i.e. IFD Subsystem) 3". 

At Block G, the IFD Subsystem 3" uses the Lens Group Movement Commands to move 
the groups of lenses to their target positions within the IFD Subsystem. 

Then at Block H, the camera control computer 22 checks the resulting positions achieved 
by the lens group position translators, responding to the transmitted Lens Group Movement 
Commands. At Blocks I and J, the camera control computer 22 automatically corrects the lens 
group positions which are required to capture focused digital images having constant dpi 
resolution, independent of detected package height. As indicated at by the control loop formed 
by Blocks H, I, J, H, the camera control computer 22 corrects the lens group positions until 
focused images are captured with constant dpi resolution, independent of detected package 
height, and when so achieved, automatically returns this control thread to Block A as shown in 
Fig. 18A. 

As indicated at Blocks D, K, L, M in Figs. ISA and 18B, a second control thread runs 
from Block D in order to determine and set the optimal photo-integration time period (AT,^ 
mutton) parameter which will ensure that digital images captured by the auto-focus/auto-zoom 
digital camera subsystem will have pixels of a square geometry (i.e. aspect ratio of 1:1) required 
by typical image-based bar code symbol decode processors and OCR processors. As indicated 
at Block K, the camera control computer analyzes the current median height value in the Data 
Package Buffer, and determines the speed of the package (V b ). At Block L, the camera control 
computer uses the computed values of average package height, belt speed (V b ) and the Photo- 



-315- 



Attorney Case No^| j7USA000 

Integration Time Look-Up Table of Fig. 23, to determine the photo-integration time parameter 
(ATp^^J which will ensure that digital images captured by the auto-focus /auto-zoom 
digital camera subsystem will have pixels of a square geometry (i.e. aspect ratio of 1:1). At 
Block M, the camera control computer 22 generates a digital photo-integration time control 
signal based on the photo-integration time parameter (AT phot(HntegraHon ) found in the Photo- 
Integration Time Look-Up Table, and sends this control signal to the CCD image detection array 
employed in the auto-focus/auto-zoom digital camera subsystem (i.e. the IFD Module). 
Thereafter, this control thread returns to Block A as indicated in Fig. 18A. 

As indicated at Blocks D, N, O, P, R in Figs. ISA and 18B, a third control thread runs 
from Block D in order to determine the pixel indices (i,j) of a selected portion of a captured 
image which defines the "region of interest" (ROI) on a package bearing package identifying 
information (e.g. bar code label, textual information, graphics, etc.), and to use these pixel 
indices (i,j) to produce image cropping control commands which are sent to the image 
processing computer 21. In turn, these control commands are used by the image processing 
computer 21 to crop pixels in the ROI of captured images, transferred to image processing 
computer 21 for image-based bar code symbol decoding and/or OCR-based image processing. 
This ROI cropping function serves to selectively identify for image processing only those image 
pixels within the Camera Pixel Buffer of Fig. 20 having pixel indices (i,j) which spatiaUy 
correspond to the (row^olumn) indices in the Package Data Buffer of Fig. 19. 

As indicated at Block N in Fig. ISA, the camera control computer transforms the 
position of left and right package edge (LPE, RPE) coordinates (buffered in the row the Package 
Data Buffer at which the height value was found at Block D), from the local Cartesian 
coordinate reference system symbolically embedded within the LDIP subsystem shown in Fig. 
17, to a global Cartesian coordinate reference system R^, embedded, for example, within the 
center of the conveyor belt structure, beneath the LDIP subsystem 122, in the illustrative 
embodiment. Such coordinate frame conversions can be carried out using homogeneous 
transformations (HG) well known in the art. 

At Block O in Fig. 18B, the camera control computer detects the x coordinates of the 
package boundaries based on the spatiaUy transformed coordinate values of the left and right 
Package edges (LPE,RPE) buffered in the Package Data Buffer, shown in Fig. 19. 

At Block P in Fig. 18B, the camera control computer 22 determines the corresponding 
pixel indices (i,j) which specifies the portion of the image frame (i.e. a slice of the region of 
interest), to be effectively cropped from the image to be subsequently captured by the auto- 
focus/auto-zoom digital camera subsystem 3". This pixel indices specification operation 
uwolves using (i) the x coordinates of the detected package boundaries determined at Block O 
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Ud (n) optionally, the subrange of x coordinates bounded within said detected package 
(boundaries, over which maximum range "intensity" data variations have been detected by the 
module of Fig. 15. By using the x coordinate boundary information specified in item (i) above 
the camera control computer 22 can determine which image pixels represent the overall' 
detected package, whereas when using the x coordinate subrange information specified in item 
m above, the camera control computer 22 can further determine which image pixels represent a 
fcar code symbol label, hand-writing, typing, or other graphical indicia recorded on the surface 
rf the detected package. Such additional information enables the camera control computer 22 
fco selectively crop only pixels representative of such information content, and inform the image 
processing computer 21 thereof, on a real-time scanline-by-scanline basis, thereby reducing^ 
computational load on image processing computer 21 by use of such intelligent control 
operations. 

Thereafter, this control thread dwells at Block R in Fig. 18B until the other control 
threads terminating at Block Q have been executed, providing the necessary information to 
complete the operation specified at Block a and then proceed to Block R, as shown in Fig 18B 

As indicated at Block Q in Fig. 18B, the camera control computer uses the package time 
stamp (nT) contained in the data set being currently processed by the camera control computer 
as well as the package velocity (V b ) determined at Block K, to determine the "Start Time" of 
'mage Frame Capture (STIC). The reference time is established by the package time stamp (nT, 
he Start Time when the image frame capture should begin is measured from the reference 
■ne, and is determined by (1) predetermining the distance Az measured between (i) the local 
coordinate reference frame embedded in the LDIP subsystem and (ii) the local coordinate 
reference frame embedded within the auto-focus /auto-zoom camera subsystem, and dividing 
his predetermined (constant) distance measure by the package velocity (V b ). Then at Block R 
ke camera control computer 22 (i) uses the Start Time of Image Frame Capture determined at 
Block Q to generate a command for starting image frame capture, and (ii) uses the pixel indices 
Ki,,) determined at Block P to generate commands for cropping the corresponding slice (Le 
Action) of the region of interest in the image to be or being captured and buffered in the Image 
Buffer within the IFD Subsystem (i.e. auto-focus/auto-zoom digital camera subsystem). 

Then at Block S, these real-time "image-cropping" commands are transmitted to the IFD 
subsystem (auto-focus/auto-zoom digital camera subsystem) 3" and the control process returns 
b Block A to begin processing another incoming data set received from the Real-Time Package 
Height Profiling And Edge Detection Processing Module 550. This aspect of the inventive 
camera control process 560 effectively informs the image processing computer 21 to only 
orocess those cropped image pixels which the LDIP subsystem 122 has determined as 
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representing graphical indicia containing information about either the identity, origin and/or 
destination of the package moving along the conveyor belt. 

Alternatively, camera control computer 22 can use computed ROI pixel information to 
crop p,xel data in captured images in camera control computer 22 and then transfer such 
cropped images to the image processing computer 21 for processing. 

Also, any one of the numerous methods of and apparatus for speckle-noise reduction 
descnbed in great detail hereinabove can be embodied within the unitary system 120 to provide 
an ultra-compact, ultra-Ughtweight system capable of high performance image acquisition and 
processing operation, undaunted by speckle-noise patterns which seriously degrade the 
performance of prior art systems attempting to illuminate objects using solid-state VLD devices, 
as taught herein. 




Referring now to Figs. 24, 25, and 26, a unitary PtJIM-based package identification and 
dimensioning system of the second illustrated embodiment, indicated by reference numeral 140, 
will now be described in detail. 

As shown in Fig. 24, the unitary PLUM-based system 140 comprises an integration of 
subsystems, contained within a single housing of compact construction supported above the 
conveyor belt of a high-speed conveyor subsystem 121, by way of a support frame or like 
structure. In the illustrative embodiment, the conveyor subsystem 141 has a conveyor belt 
width of at least 48 inches to support one or more package transport lanes along the conveyor 
belt. As shown in Fig. 25, the unitary PLHM-based system 140 comprises four primary 
subsystem components, namely: (1) a LADAR-based package imaging, detecting and 
dimensioning subsystem 122 capable of collecting range data from objects on the conveyor belt 
using a pair of multi-wavelength (i.e. containing visible and IR spectral components) laser 
scanning beams projected at different angular spacing as taught in copending US Application 
No. 09/327,756 filed June 7, 1999, supra, and International PCT Application No 
PCT/US00/15624 filed December 7, 2000, incorporated herein by reference; (2) a PLOM-based 
bar code symbol reading subsystem 25", shown in Figs. 6D1 through 6D5, for producing a 3-D 
scanning volume above the conveyor belt, for scanning bar codes on packages transported 
therealong; (3) an input/output subsystem 127 for managing the inputs to and outputs from the 
unitary system; a network controller 132 for connecting to a local or wide area IP network and 
support one or more networking protocols, such as, for example, Ethernet, Appletalk etc ■ a 
high-speed fiber optic (FO) network controller 133 for connecting the subsystem 140 to a local 'or 
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wide area IP network and supporting one or more networking protocols such as, for example, 
Ethernet, Appletalk, etc.; and (4) a data management computer 129 with a graphical user 
interface (GUI) 130, for realizing a data element queuing, handling and processing subsystem 
131, as well as other data and system management functions. As shown in Fig. 25, the package 
imaging, detecting and dimensioning subsystem 122 embodied within system 140 comprises 
the same integration of subsystems as shown in Fig. 10, and thus warrants no further 
discussion. It is understood, however, that other non-LADAR based package detection, 
imaging and dimensioning subsystems could be used to emulate the functionalities of the LDIP 
subsystem 122. 

As shown in Fig. 25, system 140 comprises a PUIM-based camera subsystem 25"' which 
includes a high-resolution 2D CCD camera subsystem 25" similar in many ways to the 
subsystem shown in Figs. 6D1 through 6E3, except that the 2-D CCD camera's 3-D field of view 
is automatically steered over a large scanning field, as shown in Fig. 6E4, in response to FOV 
steering control signals automatically generated by the camera control computer 22 as a low- 
resolution CCD area-type camera (640x640 pixels) 61 determines the x,y position coordinates of 
bar code labels on scanned packages. As shown in Figs. 5B3, 5C3, 6B3, and 6C3, the components 
(61A, 61B and 62) associated with low-resolution CCD area-type camera 61 are easily integrated 
within the system architecture of PLIIM-based camera subsystems. In the illustrative 
embodiment, low-resolution camera 61 is controlled by a camera control process carried out 
within the camera control computer 22, by modifying the camera control process illustrated in 
Figs. 18A and 18B. The major difference with this modified camera control process is that it will 
include subprocesses that generate FOV steering control signals, in addition to zoom and focus 
control signals, discussed in great detail hereinabove. 

In the illustrative embodiment, when the low-resolution CCD image detection array 61A 
detects a bar code symbol on a package label, the camera control computer 22 automatically (i) 
triggers into operation a high-resolution CCD image detector 55A and the planar laser 
mumination arrays (PUA) 6A and 6B operably associated therewith, and (ii) generates FOV 
steering control signals for steering the FOV of camera subsystem 55" and capturing 2-D 
images of packages within the 3-D field of view of the high-resolution image detection array 
61A. The zoom and focal distance of the imaging subsystem employed in the high-resolution 
camera (i.e. IFD module) 55"' are automatically controlled by the camera control process 
running within the camera control computer 22 using, for example, package height coordinate 
and velocity information acquired by the LDIP subsystem 122. High-resolution image frames 
U- scan data) captured by the 2-D image detector 55A are then provided to the image 
processing computer 21 for decode processing of bar code symbols on the detected package 
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label, or OCR processing of textual information represented therein. In all other respects, the 
PLHM-based system 140 shown in Fig. 24 is similar to PLIIM-based system 120 shown in Fig. 9. 
By embodying PLIIM-based camera subsystem 25" and LDIP package detecting and 
dimensioning subsystem 122 within a single housing 141, an ultra-compact device is provided 
that uses a low-resolution CCD imaging device to detect package labels and dimension, identify 
and track packages moving along the package conveyor, and then uses such detected label 
information to activate a high-resolution CCD imaging device to acquire high-resolution images 
of the detected label for high performance decode-based image processing. 

Notably, any one of the numerous methods of and apparatus for speckle-noise reduction 
described in great detail hereinabove can be embodied within the unitary system 140 to provide 
an ultra-compact, ultra-lightweight system capable of high performance image acquisition and 
processing operation, undaunted by speckle-noise patterns which seriously degrade the 
performance of prior art systems attempting to illuminate objects using coherent radiation. 

Tunnel-Type Package Identification And Dimensioning System Of The Present Invention 

The PLHM-based package identification and dimensioning systems and subsystems 
described hereinabove can be configured as building blocks to build more complex, more 
robust systems designed for diverse types of object identification and dimensioning 
applications. In Fig. 27, there is shown a four-sided tunnel-type package identification and 
dimensioning system 570 that has been constructed by arranging, about a high-speed package 
conveyor belt subsystem 571, four PUIM-based package identification (PID) units 120 of the 
type shown in Figs. 13A through 26, and integrating these PID units within a high-speed data 
communications network 572 having a suitable network topology and configuration, as 
illustrated, for example, in Figs. 28 and 29. 

In this illustrative tunnel- type system, only the top PID unit 120 includes LDEP 
subsystem 122, as this unit functions as a master PID unit within the tunnel system, whereas the 
side and bottom PID units 120 are not provided with a LDIP subsystem 122 and function as 
slave PID units. As such, the side and bottom PID units 120' are programmed to receive 
package dimension data (e.g. height, length and width coordinates) from the master PID unit 
120 on a real-time basis, and automatically convert (i.e. transform) these package dimension 
coordinates into their local coordinate reference frames in order to use the same to dynamically 
control the zoom and focus parameters of the camera subsystems employed in the tunnel 
system. This centralized method of package dimensioning offers numerous advantages over 
prior art systems and will be described in greater detail with reference to Figs. 30 through 32B. 
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As shown in Fig. 27, the camera field of view (FOV) of the bottom PID unit 120' of the 
tunnel system 570 is arranged to view packages through a small gap 573 provided between 
conveyor belt sections 571A and 571B. Notably, this arrangement is permissible by virtue of the 
fact that the camera's FOV and its coplanar PUB jointly have thickness dimensions on the order 
of millimeters. As shown in Fig. 28, all of the PID units in the tunnel system are operably 
connected to an Ethernet control hub 575 (ideally contained in one of the slave PID unite) 
associated with a local area network (LAN) embodied within the tunnel system. As shown, an 
external tachometer (i.e. encoder) 576 connected to the conveyor belt 571 provides tachometer 
input signals to each slave unit 120 and master unit 120, as a backup to integrated velocity 
detector provided within the LDIP subsystem 122. This is an optional feature which may have 
advantages in environments where the belt speed fluctuates frequently and by significant 
amounts. Fig. 28 shows the runnel-based system of Fig. 27 embedded within a first-type LAN 
having an Ethernet control hub 575, for communicating data packets to control the operation of 
units 120 in the LAN, but not transfer camera data (e.g. 80 megabytes /sec). 

Fig. 29 shows the tunnel system of Fig. 27 embedded within a second-type LAN having 
a Ethernet control hub 575 and a Ethernet data switch 577, and an encoder 576. The function of 
the Ethernet data switch 577 is to transfer data packets relating to camera data output, whereas 
the functions of control hub 575 are the same as in the tunnel network system configuration of 
! ig. 28. The advantages of using the tunnel network configuration of Fig. 29 is that camera data 
can be transferred over the LAN, and when using fiber optical (FO) cable, camera data can be 
transferred very long distances over FO-cable using the Ethernet networking protocol (i.e. 
Ethernet over fiber). As discussed hereinabove, the advantage of using Ethernet over fiber 
optical cable is that a "keying" workstation 580 can be located thousands of feet away from the 
tunnel system 570 within a package routing facility, without compromising camera data 
integrity due to transmission loss and /or errors. 

Real-Time Package Coordinate Data Driven Method Of Ca m era Zoom And Focus Control fa 



Accordance With The Pri nciples Of The Present Invention 



In Figs. 30 through 32B, CCD camera-based tunnel system 570 of Fig. 27 is schematically 
illustrated employing a real-time method of automatic camera zoom and focus control in 
accordance with the principles of the present invention. As will be described in greater detail 
below, this real-time method is driven by package coordinate data and involves (i) 
dimensioning packages in a global coordinate reference system, (ii) producing package 
coordinate data referenced to said global coordinate reference system, and (iii) distributing said 
package coordinate data to local coordinate references frames in the system for conversion of 
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said package coordinate date ,o local coordinate reference frames and subset use automat* 
camera 20 d focus contro , ^ ^ J 

::r:;:^, re,™: — detau - - - — — - 

As shown in Fig. 30, the four-sided lunnel-rype camera-based package idenuficadon a* 
drmensrorung system of Fig. 27 comprises: a single master P!D unn ,20 embodZ ^ 
subsystem 122, mounted above me conveyor belt steuctore 57,; three slave Pro ^ 2 , £ 
and ,20 mounted on me sides and bodom of me conveyor be.,; and a K^Z Z 
— atrons network 572 supporting a nehvork protocol such as, for J£££ 
and enabbng hrgh-speed packet-rype date communicadons among me four PID mute 
system. As shown, each PTO unit la connected to the network L-*J2£ZZ 
nenvork through ite nefwork controller 132 (,33, in a manner weU known m 
networking arts. computer 

As schematically illustrated in Figs. 30 and 31, local coordinate reference systems are 

£>3£T rT embodied^ «. ^ 

riD unit 120; local coordinate reference p u •• „ 

side PID unit 1*V- 1 . ! Y symbohcaUy embodied within the first 

sxde PID unit 120 ; local coordmate reference system R Iocal2 symbolically embodied within th, 
second side PID unit 120'; and local coordinate reference system R T „ 

mthin the bottom PID unit 120' In turn each oVn 7 7 V**"** embodied 

u " um ' eacn of these local coordinate reference «v=t™. • 
"referenced" with respect to a global coordinate reference svstem R_ TTT 

peoned m any local coordmate reference system by way o, a homogeneous transformaHon 
W6> constructed for me global and me pardcuter !ocal coordmate reference syste^l 
nomogeneous transformaHon can be constructed by specifying the pota JT , 

ngm and onentodon o, the w a,e S of me global coordmate reference sy^L s!l^ 
on homogeneous tramformadons are weU known in the art ^ 
barHc U ,Ir, fa ? ,a,e , CO,K ' rUCHOn °' "* "* h °"°~ *>nsformatton between a 

~ wZZZTZ **" {symbolical,y embedded a « - 

m" ^ uniU * th ^ ^ ^ (Symb0,iCany »** «« 

master PID urn, 120), the present mvendon further provides a novel method of and apparatus 

for measurmg, in the field, the pitch and yaw angles of each slave Pro una, ,20^ ^ 
system, . u as me elevadon (i.e. height, of me Pro unit, tha, „ Kl anVe fott^ 
-rdmatereferenceframesymboUcally embedded wldun me loca, HD un,,. JL££" 
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embodiment, shown in Fig. 31A, such apparatus is realized in the form of two different angle- 
measurement (e.g. protractor) devices 2500A and 2500B integrated within the structure of each 
slave and master PID housing and the support structure provided to support the same within 
the tunnel system. The purpose of such apparatus is to enable the taking of such field 
measurements (i.e. angle and height readings) so that the precise coordinate location of each 
local coordinate reference frame (symbolically embedded within'each PID unit) can be precisely 
determined, relative to the master PID unit 120. Such coordinate information is then used to 
construct a set of "homogeneous transformations" which are used to convert globally acquired 
package dimension data at each local coordinate frame, into locally referenced package 
dimension data. In the illustrative embodiment, the master PID unit 120 is provided with an 
LDIP subsystem 122 for acquiring package dimension information on a real-time basis, and 
such information is broadcasted to each of the slave PID units 120' employed within the tunnel 
system. By providing such package dimension information to each PID unit in the system, and 
converting such information to the local coordinate reference system of each such PID unit, the 
optical parameters of the camera subsystem within each local PID unit are accurately controlled 
by its camera control computer 22 using such locally-referenced package dimension 
information, as will be described in greater detail below. 

As illustrated in Fig. 31A, each angle measurement device 2500A and 2500B is integrated 
into the structure of the PID unit 12<r (120) by providing a pointer or indicating structure (eg. 
arrow) 2501A (2501B) on the surface of the housing of the PID unit, while mounting angle- 
measurement indicator 2503A (2503A) on the corresponding support structure 2504A (2400B) 
used to support the housing above the conveyor belt of the tunnel system. With this 
arrangement, to read the pitch or yaw angle, the technician only needs to see where the pointer 
2501A (or 2501B) points against the angle-measurement indicator 2503A (2503B), and then 
visually determine the angle measure at that location which is the angle measurement to be 
recorded for the particular PID unit under analysis. As the position and orientation of each 
angle-measurement indicator 2503A (2503B) will be precisely mounted (e.g. welded) in place 
relative to the entire support system associated with the tunnel system, PID unit angle readings 
made against these indicators will be highly accurate and utilizable in computing the 
homogeneous transformations (e.g. during the set-up and calibration stage) and carried out at 
each slave PID unit 120' and possibly the master PID unit 120 if the LDIP subsystem 122 is not 
located within the master PID unit, which may be the case in some tunnel installations. To 
measure the elevation of each PID unit 120' (or 120), an arrow-like pointer 2501C is provided on 
the PID unit housing and is read against an elevation indicator 2503C mounted on one of the 
support structures. 
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Once the PID units have been installed within a riven h,nn«i . 

[" USl * — — - «> Proper construe, uTh ~ t ZT m T 
between each local coordinate reference svstem «, , I 7 transfom>al ""> expression 

within each PID unit 120 H2m p , k, nStmCt,on mlhm c ™«a control computer 22 
conveyor be.t st^ re The H '™ ^ " W " t ** - 

r aXrr rjsrr rir t — 

In addition, Fig. 30 illustrates that the LDIP subsystem i >r> L 

with respect to the giobal coordinate reference system R_ tk , ' 
elements are transmitted to eacn siave PID £ I tuate ""T - 
once received, its camera con.ro. computer 22^1*1 — «* and 

- length coordinates referenced to ite ZT 7 mto height, wldu, 

^ammabte homogeneous JllZ^^LZr' ^ "** 
ID unit UO uses me converted package ^IZZZ ^Z T ^ 
nteol signais which automatical drive » camera's automatic olTd 1 ^ 
an intelligent, real-ume manner in accordance with TnLn Tl ma8mg ^ 
e package identification date elemente ^ZZ ^TJ Z ^ ^ 
ansmitted to the master PID unit 120 for tin,. , "* autMni " fc ally 

-ate package dimension ~ 8 " — 

■mmeprfncipleaof tt.epresenfmvenJ takmS «* * «"*» 

As mdicated at Block A in Fig. 32A SteD A nf «~ 
ter PID uni, (with LDIP sub.™. C ° nlr01 melhod tav °>ves «* 

nteining heigh 1* j£T 22 * P-^e dimension date e.emen, (e. g . 

8 Sht. rndth, ienga, and veloaty ^ m wx vk) ^ ^ 
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through tunnel system, and then usine the raw. 

u g y em s data communications network tn h- a «««u 

^ - *> each s,ave PID unit downstream ^ _ ~" ^ 
the coord.nafc u^o^on confained m each J 
with respect to global coordinate reference system R. .1* ..... referenced 
— Terence frame of fhe masfer K^S* -"T^L** T 
refe^e^mmaccorda^^meprlnclplesofme^tlnvel 

As indicated a, Block B in Fig. 32A, Step B of me camera contro. meUtod invo.ves each 
slave unr, recervurg me transmitted package heigh,, width and ,eng«h data ,H W L vT a^ 

MomMM tato * s,m "* loai — --i- 

As indicated at Block C in Fie r„**u 
, mp „ _ ^ , lg> 32A ' Ste P C of me ca mera control method involves the 

amera subsystem in me s.ave uni, to 200m md focus m „„ ^ J" * 

lave un!r T a ' ^ ° ta F * 32 "' ^ ° ° f fe C — «*- -*od invokes ead, 
Jave umt captonng nnages acquired by „ "> ead, 

™edm 

lave urn, ^ " " % 32 "' ** E ° f "» C ™ era «" invokes the 

*. hm Ml ampmg each received package identification da* efemen,, placing «L d^ 
lemen, » a data queue, and prcesamg package idenfific,fi„„ data elements anTZl Z 
■ackage dimension data element in said queue so as to link J! ™*"° A im ^ t ^ 

The real-fime camera zoom and focus confiol process described above has the advanta,* 

cropping of "regions of inters" ,-pnn • , 7 6 System ' and < u ) P r ecise 

processmg requirements in the system. aata 
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T1tem_ type, of PUIM-based camera systems disclosed hereinabove can be used 

;a^rr ces ' as " euas — — — ^— 

As shown in Kgs. 33A through 33C, a pah- o( PUIM-based package identiflcaHon (PIDt 
58, havmg bottom and side Ugh, transmission apertures 582 and 583 (beneath bottom and 2 

77 S 5M ^ '° ' W "-HM-based prodt 

.denhficahon, dunensioning and anaiysis (PIDA) system 580 according t0 a first mlafive 
embodrmen, of the present invention. As shown in Fig. 33C. the bioptical PIDA system 580 

rn;: ™t„ t~* - " ****** - - J 

581, a s de PUfM-based unit 586B mounted within me side portion of the housing 581- an 
eiectromc product weigh scale 587, mounted beneath the bottom PUDrf-based unit 587A in" 
conventtona, manner; and a ,oca, data communication network an^^ fc 
housmg, and estabfishing a high-speed data communicauon link between the bottom and Jde 
units 586A and 586B, and the electronic weigh scale 587 and „ t, , 

regkto, 8 *** K7 ' * nd a host computer system (e.g. cash 

bs- twin? TZp" f 33C ' ^ b ° tt0m 58<A « ™^ TO System 

25 (wtthou, LDU> subsystem .22), instaUed within me bottom portton „, the housing 587 ter 

projecting a cop.ar.ar PUB and 1-D FOV through me bottom Ugh, transmission aperhl*^ 
the srde doses, to the product entry side of the system indicated by the "arrow^, indie 2 

ZziTl**; drawtas; a 1/0 subsys,em 127 « - ~C 

and estabhshmg date ports for data input to and date output from the PLnM-based Pro 
subsystem 25"; and a network conteoUer ,32, operab,y connected to the W subsystem^ 2 
mecommmucahonmemumofmelocaldatecommumcationnetworkSSS 

wtth IMP subsystem ,22), insWled within the side portion of the housing 581, for Lectin* 
I (O a copianar PUB and ,-D FOV though the side Ugh, transmission aperL 583, Z^Z 
ade dose, te the product entty side of the system indicated by the W" 

r^rtrr dako(ii)a ^ 

nl SM Mh ^ ^ aPertoe ° n ^ "* *"* «° «» FOduc, 

fentty s.de of the system indicated by the "arrow" <«., i„di calor shown in the figure dlvJ 
,. Coser to me acrow indicator man the cophmar PLIB and ,-D FOV proved y ^ 
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subsystem, fa, faanng ^ sUghay downs(ream h<m asAMi>xt ^ ^ 

_„g and d e,ec«o„; a ,/0 subsystem ,27 fa estebUshing data ^ for dala ' ^ 
and dete oufou from PlAM-based P!B subsystem ». . relwork ' 
connect ,o ,he ,/0 subsystem ,27 and the communicanon medium o, the Z^L 
communion network 588; and a system conteo, computer 590, operaMy connected fo ma ,/0 
^system ,27, fa (i) ^ package idenMcaaon da(a ^ £ £ 

ate c_c a tfon network by aimer PLDM-baaed PfD subsystem 25', <ii) package dimension 
date eiemente teansrmrted over me foca, date communicadon nenvork by me LD* subsystem 

L v k rt 8C We ' 8ht date etemOT,S banSmi,ted OV " "» <■* communiLon 

EL T tT" wei8h 813,6 ^ As showr " LD,P sub5yston 122 - 

mtegrated package/objec, velocity measurement subsystem 

fo order tha, me biopucal PLDM-based PH5A system 580 is capab.e of capturing and 
analyzmg coior images, and thus enabling, in supermarket environments "price 
recognmon on the basis of color as we„ as dimensions and geometrica, form, each PLHM- 
>ased subsystem 25' em P ,oys ,i) a pforafoy of visfoie User diodea (VLDs, havmg different Z 
produang waveform,* pmduce a muld^tea, planar Wtmm^ Um ^ ^ 
foe s,de and bottom Ugh, transmission apertures 582 and 583, and afco (a, a ,-D (Lear-type" 
OCDmtege detecoon array fa capforing co,„r images o, objecte (e.g. produce) as the object^ 

^o^^^^,bymen S er„^^ ofttlesystan ^ laaasafe 8 

Arty one of the numerous me,h„ds of and apparatus for speckle-noise redudon 

escnbed in grea, dotal, hereinabove can be embodied wfmm me blopdca, system 580 Z 
prov.de an ufo^ompac, system capab.e o, high performance image acquisition and process™ 
operation, undaunted by speckle-noise natter™ wh;„k . • . V . Pf««*"ng 

. y CKleno,se P a «™s wfoch seriously degrade the performance of 

L "L '° mUminate ^ ™ - teugh, 

,rovi J 0 ^' f *T Pr0CeSSi " 8 """P"" 1 21 """" Mch M**— -bsystem 25' b 

~ Pn>CeSSta8 ^ 582 * *"«- to P— It image, 

apfored by me subsystem and determine the shape/geometry, dimensions and cofor^ 

^ined producte in diverse retei, shopping environmente. fo «he Olustradve embodiment, foe 
IPD subsystem <i.e. ''camera'', 3" within me PLDM-based subsystem 25" is capabte or m 
capfamg digite, images having (,, ^ pixeU (U. 1:I aspec, rado, independent of pal^ 
heigh, or velocity, sig „ ificantlv reduced ^ conslin ^ 

• ~- - dote per inch (DP,, independen, of package heigh, or veioC^ 
wuhou, me use o, cosdy tetecentric opdcs empfoyed by prior art systems, (2) aufomadc 
-ppmg of capfaed hnages so ma, only ™gfons „, fote^ reflecdng me package or ^ 
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label are transmitted to either an image-processing based 1-D or 2-D bar code symbol decoder 
or an optical character recognition (OCR) image processor, and (3) automatic image lifting 
operations. Such functions are carried out in substantially the same manner as taught in 
connection with the tunnel-based system shown in Figs. 27 through 32B. 

In most POS retail environments, the sales clerk may pass either a UPC or UPC/EAN 
labeled product past the bioptical system, or an item of produce (e.g. vegetables, fruits, etc ) In 
the case of UPC labeled products, the image processing computer 21 will decode process images 
captured by the IFD subsystem 3' (in conjunction with performing OCR processing for reading 
trademarks, brandnames, and other textual indicia) as the product is manually moved past the 
imaging windows of the system in the direction of the arrow indicator. For each product 
identified by the system, a product identification data element will be automatically generated 
and transmitted over the data communication network to the system control/management 
computer 590, for transmission to the host computer (e.g. cash register computer) 589 and use in 
check-out computations. Any dimension data captured by the LDIP subsystem 122 while 
identifying a UPC or UPC/EAN labeled product, can be disregarded in most instances- 
rthough, m some instances, It might make good sense that such information is automatically 
•ansmitted to the system control/management computer 590, for comparison with information 
• a product information database so as to cross-check that the identified product is in fact the 
ne product indicated by the bar code symbol read by the image processing computer 21 This 
feature of the bioptical system can be used to increase the accurately of product identification, 
hereby lowering scan error rates and improving consumer confidence in POS technology. 

In the case of an item of produce swept past the light transmission windows of the 
.optical system, the image processing computer 21 will automatically process images captured 
J the IFD subsystem 3" (using the robust produce identification software mentioned above), 
lone or m combination with produce dimension data collected by the LDIP subsystem 122. m 
ie preferred embodiment, produce dimension data (generated by the LDIP subsystem 122) will 
i used in conjunction with produce identification data (generated by the image processing 
computer 21), in order to enable more reliable identification of produce items, prior to weigh in 
on the electronic weigh scale 587, mounted beneath the bottom imaging window 584. Thus, the 
image processing computer 21 within the side unit 586B (embodying the LDIP subsystem 122) 
can be designated as providing primary color images for produce recognition, and cross- 
correlation with produce dimension data generated by the LDIP subsystem 122. The image 
processing computer 21 within the bottom unit (without an LDIP subsystem) can be designated 
as providing secondary color images for produce recognition, independent of the analysis 
carried out within the side unit, and produce identification data generated by the bottom unit 
can be transmitted to the system control/management computer 590, for cross-correlation with 
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In ahemauve embodiments of the bioptical system described above, both the side a* 
bottom urute can be provided with an LDIP subsystem 122 for product/produce Z^Z 

^ the bottom and side imaging windows 584 and 585. advance of mis t^ 

rr„ t r t *• product ° r i,em ° f ^ - « *» *. s 

wtthou, ,he need ro move the product or produce item pas, the bioptical sysL jT t , 
predetenroned scarming/imagmg direction, as required in me Olustiative system of FiTL 
^ough 33C Wim «. modification in mind, reference - now made to Fig^34A through « 
n whtch an ahernative biopdcal vision-based product/produce identification system^ 
dtseiosed employing me PLnM-based camera system disclosed in Figs. m J^^T 




tern Of Th* 



Sterns V Z Is 6D T tTf ^ 3 ^ ° f PLnM " baSed ^ m 
^ terns 25 of Ftgs. 6D1 through 6E3 are modified and arranged within a compact POS housJ 

60! havmg bottom as.d aide Ugh, teansmission windows 602 and 603 (beneath bottTa^TT 

arr 604 ~ «* - — . Hopfic^mt 

embodunen, of me presen, mvenfion. As shown in Fig. 34C, me biopfical PIDA system 600 

601, a s,de PLIIM-based um, 606B mounted within the side portion of «he housing 601- 2 
election* produc, weigh sca,e 589, moun,ed beneafi, ft, bottom PUTM-baaed ZIa „" 
Uventi^ manner; and a ,oca, date _ca«o„ nerwo* 588. n^^^ 

ZZ££?7; date — — - - 

units 606A and 606B, and the electronic weigh scale 589. 

B5» , •* TZT ^ *" b ° t,0m WA a PLnM -^ ™ System 

111 Sy5tem ^ " WitWn *■' - housing 601 1 

protecting an automatical swep, PUB and a stationary 3-D FOV through the tJZy^, 

tension window 602; a I/O subsystem ,22 providing, addre* Z d Z 

estebhshmg da,a porte for date inpu, ,o and date ou,p„, horn me PUM-bJ ^ ^ 
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25"; and a network controller 132, operably connected to the I/O subsystem 127 and the 
communication medium of the local data communication network 588. 

As shown in Fig. 34C, the side unit 606A comprises: a PIUM-based PID subsystem 25' 
(with modified LDIP subsystem 122'), installed within the side portion of the housing 601, for 
projecting (i) an automatically swept PLIB and a stationary 3-D FOV through the bottom light 
transmission window 605, and also (ii) a pair of automatically swept AM laser beams 607A, 
607B, angularly spaced from each other, through the side light transmission window 604; a I/O 
subsystem 127 for establishing data ports for data input to and data output from the PLIIM- 
based PID subsystem 25"; a network controller 132, operably connected to the I/O subsystem 
127 and the communication medium of the local data communication network 588; and a 
system control data management computer 609, operably connected to the I/O subsystem 127, 
for (i) receiving package identification data elements transmitted over the local data 
communication network by either PUIM-based PID subsystem 25", (ii) package dimension 
data elements transmitted over the local data communication network by the LDIP subsystem 
122, and (iii) package weight data elements transmitted over the local data communication 
network by the electronic weigh scale 587. As shown, modified tDfl> subsystem 122' is sSar 
in nearly all respects to LDIP subsystem 122, except that its beam folding mirror 163 is 
automatically oscillated during dimensioning in order to swept the pair of AM laser beams 
across the entire 3-D FOV of the side unit of the system when the product or produce item is 
positioned at rest upon the bottom imaging window 604. In the Oluslrative embocliment, the 
PLHM-based camera subsystem 25" is programmed to automatically capture images of its's-D 
FOV to determine whether or not there is a stationary object positioned on the bottom imaging 
window 604 for dimensioning. When such an object is detected by this PUIM-based 
subsystem, it either directly or indirectly automatically activates LDIP subsystem 122' to 
commence laser scanning operations within the 3-D FOV of the side unit and dimension the 
product or item of produce. 

In order that the bioptical PUIM-based PIDA system 600 is capable of capturing and 
analyzing color images, and thus enabling, in supermarket environments, "produce 
recognition" on the basis of color as well as dimensions and geometrical form, each PUIM- 
based subsystem 25" employs (i) a plurality of visible laser diodes (VLDs) having different color 
producing wavelengths to produce a multi-spectral planar laser mumination beam (PUB) from 
the bottom and side imaging windows 604 and 605, and also (ii) a 2-D (area-type) CCD image 
detection array for capturing color images of objects (e.g. produce) as the objects are presented 
to the imaging windows of the bioptical system by the user or operator of the system (e.g. retail 
sales clerk). 
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Any one of the numerous methods of and apparatus for speckle-noise reduction 
described in great detail hereinabove can be embodied within the bioptical system 600 to 
provide an ultra-compact system capable of high performance image acquisition and processing 
operation, undaunted by speckle-noise patterns which seriously degrade the performance of 
prior art systems attempting to illuminate objects using solid-state VLD devices, as taught 
herein. 

Notably, the image processing computer 21 within each PLIIM-based subsystem 25" is 
provided with robust image processing software 610 that is designed to process color images 
captured by the subsystem and determine the shape/geometry, dimensions and color of 
scanned products in diverse retail shopping environments. In the illustrative embodiment the 
IFD subsystem (i.e. "camera") 3" within the PLIIM-based subsystem 25" is capable of: (1) 
capturing digital images having (i) square pixels (i.e. 1:1 aspect ratio) independent of package 
■height or velocity, (ii) significantly reduced speckle-noise levels, and (iii) constant image 
resolution measured in dots per inch (dpi) independent of package height or velocity and 
without the use of costly telecentric optics employed by prior art systems, (2) automatic 
cropping of captured images so that only regions of interest reflecting the package ^6f -package 
"label are transmitted to either an image-processing based 1-D or 2-D bar code symbol decoder 
or an optical character recognition (OCR) image processor, and (3) automatic image lifting 
operations. Such functions are carried out in substantially the same manner as taught in 
connection with the tunnel-based system shown in Figs. 27 through 32B. 

In most POS retail environments, the sales clerk may pass either a UPC or UPC/EAN 
labeled product past the bioptical system, or an item of produce (e.g. vegetables, fruits, etc.). In 
the case of UPC labeled products, the image processing computer 21 will decode process images 
captured by the IFD subsystem 55" (in conjunction with performing OCR processing for 
reading trademarks, brandnames, and other textual indicia) as the product is manually 
presented to the imaging windows of the system. For each product identified by the system, a 
roduct identification data element will be automatically generated and transmitted over the 
ata communication network to the system control /management computer 609, for 
ansmission to the host computer (e.g. cash register computer) 589 and use in check-out 
omputations. Any dimension data captured by the LDIP subsystem 122' while identifying a 
or UPC/EAN labeled product, can be disregarded in most instances; although, in some 
stances, it might make good sense that such information is automatically transmitted to the 
ystem control/management computer 609, for comparison with information in a product 
formation database so as to cross-check that the identified product is in fact the same product 
dicated by the bar code symbol read by the image processing computer 21. Hus feature of the 
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bioptical system can be used to increase the accurately of product identification, thereby 
lowering scan error rates and improving consumer confidence in POS technology. 

In the case of an item of produce presented to the imaging windows of the bioptical 
system, the image processing computer 21 will automatically process images captured by the 
IFD subsystem 55" (using the robust produce identification software mentioned above), alone 
or in combination with produce dimension data collected by the LDIP subsystem 122. In the 
preferred embodiment, produce dimension data (generated by the LDIP subsystem 122) will be 
used in conjunction with produce identification data (generated by the image processing 
computer 21), in order to enable more reliable identification of produce items, prior to weigh in 
on the electronic weigh scale 587, mounted beneath the bottom imaging window 604. Thus, the 
image processing computer 21 within the side unit 606B (embodying the LDIP subsystem') can 
be designated as providing primary color images for produce recognition, and cross-correlation 
with produce dimension data generated by the LDIP subsystem 122'. The image processing 
computer 21 within the bottom unit 606A (without LDIP subsystem 122') can be designated as 
providing secondary color images for produce recognition, independent of the analysis carried 
out within the side unit 606B, and produce identification data generated by the bottom unit clrf 
be transmitted to the system control/management computer 609, for cross-correlation with 
produce identification and dimension data generated by the side unit containing the LDIP 
subsystem 122'. 

In alternative embodiments of the bioptical system described above, it may be desirable 
to use a simpler set of image forming optics than that provided within IFD subsystem 55". 

LIIM-Based Systems Employing Plana r Laser Illumination Arrays fPLIAs) With Visible Laser 



Diodes Having Characteristic Waveleng t hs Residing Within Different Portions Of Thp Visible 



Numerous illustrative embodiments of PLIIM-based imaging systems according to the 
principles of the present invention have been described in detail below. While the illustrative 
embodiments described above have made reference to the use of multiple VLDs to construct 
each PLIA, and that the characteristic wavelength of each such VLD is substantially similar, the 
present invention contemplates providing a novel planar laser illumination and imaging 
module (PLIIM) which employs a planar laser wuinination array (PLIA) 6A, 6B comprising a 
plurality of visible laser diodes having a plurality of different characteristic wavelengths 
residing within different portions of the visible band. The present invention also contemplates 
providing such a novel PLIIM-based system, wherein the visible laser diodes within the PLIA 
thereof are spatially arranged so that the spectral components of each neighboring visible laser 
diode (VLD) spatially overlap and each portion of the composite planar laser illumination 
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torn (PUB) along its pIanar exlent ^ a spec(mm rf 

b^wdl reduce *e tempora, cohe re „ce of the User ffluminahon sou.es m the PUA theT 
teducmgthespeddenoisepatternproduced a, the unage detecdon array „ f the PLmT 

The present invention also contemplates providing a novel planar laser illumination a „H 
unaging mod„,e (PUtM, which envoys a p,anar !aser iUuminadon array TSZ^ 
plurality ot visible User diodes (VLDs, which intrinsicaUy exhibi t L^pZ 2 
hopping" sp ectta, charades which cerate on the time domain to rleT— 
^ence o, the User IHuminadon source, operating in the PUA, and hereby 
spedde not* pattern produced at the image detection array in the PUM 

The present invention a.so con.emp.ates providing a novel planar User illuminadon and 
.magmg module (PLDM, which emp.oys a planar laser iuuminadon array ,PUA, ^ « 
compnsmg a phrraUty of visibie User diodes (VLDs, which are -'thermany-dri en" I exhibu 
X m0d ^" specttai character^ which cooperate on «. to domain ° ^ 

redu« the spedde-no.se pattern produced at the image detection array in the PLUM 
accordance withtheprincipleaofthepre^ntinvendcm. 

Ithe visilZTT " 7 ^ * *** to - VU> "»*» <*— «— outside C 
P^lTh rt " - <°»> » d W regfons. hr such cases 

PLIIM-based subsystems WW be produced capable of iUundnaHng objl with p,anar IT 
dluuunatton beams having Dt and/or UV energy charades. Such syLs can P 2^Z 

electromagnetic spectrum are required or desired. 

'lanar Ijiar Jjumiflajg n Module I P! ttfl Fabri<-atoH n„ aa_. u . . .. 
<ms A^'^ n A Lin.,, a^y „) airfy^t^'",^ (c ' ^'p^ r ^ "^" ' 



Venous types of planar laser Ulumination modules (PUM) have been described in detail 
^ ' ^ emP '° y ' « 0< laser sources whid, 

as hand-held tmagmg applicaHons, « wiU be desirable ,„ construct the hand-held unit as 

ZSTJaST^ as possib,e ' Also * fa ■ nos ' appUraaora ' tt wiU * " 

manufacture the PLIMs as inexpensively as possible. 

riteriatv T " "* ^ ^ '" Ver,, " >n add "*" *• above design 
rrtena by provtdmg a minJabare P ,anar User uluminabon modufe (PUM, on a semiconduc^ 
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620 that can be fabricated by aligning and mounting a micro-sized cylindrical lens array 
621 upon a hnear array of surface emitting lasers (SELs) 622 formed on a semiconductor 
Substrate 623, encapsulated (i.e. encased) in a semiconductor package 624 provided with 
blectncal pins 625, a light transmission window 626 and emitting laser emission in the direction 
formal to the substrate. The resulting semiconductor chip 620 is designed for installation in 
*y of the PLEM-based systems disclosed, taught or suggested by the present disclosure, and 
:an be driven into operation using a low-voltage DC power supply. The laser output from the 
>LIM semiconductor chip 620 is a planar laser illumination beam (PLIB) composed of 
numerous (e.g. 10(M00 or more) spatially incoherent laser beams emitted from the linear array 
►f SELs 622 m accordance with the principles of the present invention. 

Preferably, the power density characteristics of the composite PLIB produced from this 
.emiconductor chip 620 should be substantially uniform across the planar extent thereof ie 
.long the working distance of the optical system in which it is employed. If necessary, during 
manufacture, an additional diffractive optical element (DOE) array can be aligned upon the 
.ear array of SELs 620 prior to placement and alignment of the cylindrical lens array 621 We 
actum of this additional DOE array would be to spatially- filter (Le^Smooth out) laser 
missions produced from the SEL array so that the composite PLIB exhibits substantially 
.mform power density characteristics across the planar extent thereof, as required during most 
lumination and imaging operations. In alternative embodiments, the optional DOE array and 
16 CyUndriCal lens can be de «S*ed and manufactured as a unitary optical element 
dapted for placement and mounting on the SEL array 622. While holographic recording 
schniques can be used to manufacture such diffractive optical lens arrays, it is understood that 
efractive optical elements can also be used in practice with equivalent results. Also, while end 
iser requirements will typically specify PLIB power characteristics, currently available SEL 
way fabncation techniques and technology will determine the realizeability of such design 
specifications. ^ 

In general, there are various ways of realizing the PLUM-based semiconductor chip of 
present invention, wherein surface emitting laser (SEL) diodes produce laser emission in the 
^on normal to the substrate. 

In Fig. 36A, a first illustrative embodiment of the PLIM-based semiconductor chip 620 is 
>hown constructed from a plurality of "45 degree mirror" (SELs) 622'. As shown each 45 
degree mirror SEL 627 of the illustrative embodiment comprises: an n-doped quarter-wave 
;aAs/AlAs stack 628 functioning as the lower distributed Bragg reflector (DBR); an 
VuGao^As/GaAs stra ined quantum well active region 629 in the center of a one-wave 
ao^AWU spacer; and a p-doped upper GaAs/AlAs stack 630 (grown on a n + -GaAs 
substrate), functioning as the top DBR; a 45 degree slanted mirror 631 (etched in the n-doped 
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layer) for reflecting laser emission output from the active region, in a direction normal to the 
surface of the substrate. Isolation regions 632 are formed between each SEL 627. 

As shown in Fig. 36A, a linear array of 45 degree mirror SELs are formed upon the n- 
doped substrate, and then a micro-sized cylindrical lens array 621 (e.g. diffractive or refractive 
lens array) is (i) placed upon the SEL array, (ii) aligned with respect to SEL array so mat the 
cylindrical lens array planarizes the output PLIB, and finally (iii) permanently mounted upon 
the SEL array to produce the monolithic PLIM device of the present invention. As shown in 
igs. 35A and 35B, the resulting assembly is then encapsulated within an IC package 624 having 
a hght transmission window 626 through which the composite PUB may project outwardly in 
direction substantially normal to the substrate, as well as connector pins 625 for connection to 
SEL array drive circuits described hereinabove. Preferably, the Hght transmission window 626 is 
proved with a narrowly-tuned band-pass spectral filter, permitting transmission of only the 
spectral components of the composite PLIB produced from the PUM semiconductor chip. 

In Fig. 36B, a second illustrative embodiment of the PUM-based semiconductor chip is 
shown constructed from "grating-coupled" surface emitting laser (SELs) 635. As shown, each 
grata* couple SEL «5 "^oped GaAs/AlAs stack 636 fuhctioning as the lower 

distributed Bragg reflector (DBR); an In^aoVWGaAs strained quantum well active region 637 
in the center of a Ga^^As spacer; and a p-do P ed upper GaAs/AlAs stack 638 (grown on a 
n + -GaAs substrate), functioning as the top DBR; and a 2- order diffraction grating 639 formed 
m the p-doped layer, for coupling laser emission output from the active region, through the 2- 
order grating, and in a direction normal to the surface of the substrate. Isolation regions 640 are 
formed between each SEL 635. 

As shown in Fig. 36B, a linear array of grating-coupled SELs are formed upon the n- 
doped substrate, and then a micro-sized cylindrical lens array 621 (e.g. diffractive or refractive 
lens array) is (i) placed upon the SEL array, (ii) aligned with respect to SEL array so that the 
cylmdrical lens array planarizes the output PLIB, and finally (iii) permanently mounted upon 
the SEL array to produce the monolithic PUM device of the present invention. As shown in 
Figs. 35A and 35B, the resulting assembly is then encapsulated within an IC package having a 
hght transmission window 626 through which the composite PUB may project outwardly in 
direction substantially normal to the substrate, as well as connector pins 625 for connection to 
SEL array drive circuits described hereinabove. Preferably, the light transmission window 626 
.s provided with a narrowly-tuned band-pass spectral filter, permitting transmission of only the 
spectral components of the composite PLIB produced from the PLIM semiconductor chip. 

In Fig. 36C, a third illustrative embodiment of the PUIM-based semiconductor chip 620 
.s shown constructed from "vertical cavity" (SELs), or VCSELs. As shown each VCSEL 
comprises: an n-doped quarter-wave GaAs/AlAs stack 646 functioning as the lower distributed 
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Bragg reflector (DBR); an In^GaogAs/GaAs strained quantum well active region 647 in the 
center of a one-wave Ga.^sAs spacer; and a p-doped upper GaAs/AlAs stack 648 (grown on 
a n+-GaAs substrate), functioning as the top DBR, with the topmost layer is a half-wave-thick 
GaAs layer to provide phase matching for the metal contact; wherein laser emission from the 
active region is directed in opposite directions, normal to the surface of the substrate. Isolation 
regions 649 are provided between each VCSEL 645. 

As shown in Fig. 36C, a linear array of VCSELs are formed upon the n-doped substrate, 
and then a micro-sized cylindrical lens array 621 (e.g. diffractive or refractive lens array) is (i) 
placed upon the SEL array, (ii) aligned with respect to SEL array so that the cylindrical lens 
array planarizes the output PLIB, and finally (tfi) permanently mounted upon the SEL array to 
produce the monolithic PUM device of the present invention. As shown in Figs. 35A and 35B, 
the resulting assembly is then encapsulated within an IC package having a light transmission 
window 626 through which the composite PLIB may project outwardly in direction 
substantially normal to the substrate, as well as connector pins 625 for connection to SEL array 
drive circuits described hereinabove. Preferably, the light transmission window 626 is provided 
with a narrowly-tuned band-pass spectral filter, permitting transmission of only the spectral 
components of the composite PUB produced from the PUM semiconductor chip. 

Each of the illustrative embodiments of the PUM-based semiconductor chip described 
above can be constructed using conventional VCSEL array fabricating techniques well known in 
the art. Such methods may include, for example, slicing a S.EL-type visible laser diode (VLD) 
wafer into linear VLD strips of numerous (e.g. 200-400) VLDs. Thereafter, a cylindrical lens 
array 621, made using from light diffractive or refractive optical material, is placed upon and 
spatially aligned with respect to the top of each VLD strip 622 for permanent mounting, and 
subsequent packaging within an IC package 624 having an elongated light transmission 
window 626 and electrical connector pins 625, as shown in Figs. 35A and 35B. For details on 
such SEL array fabrication techniques, reference can be made to pages 368-413 in the textbook 
"User Diode Arrays" (1994), edited by Dan Botez and Don R. Scifres, and published by 
Cambridge University Press, under Cambridge Studies in Modern Optics, incorporated herein 
yy reference. 

Notably, each SEL in the laser diode array can be designed to emit coherent radiation at 
a different characteristic wavelengths to produce an array of coplanar laser fflumination beams 
which are substantially temporally and spatially incoherent with respect to each other. This 
will result in producing from the PUM-based semiconductor chip, a temporally and spatially 
coherent-reduced planar laser fflumination beam (PUB), capable of iUurninating objects and 
producing digital images having substantially reduced speckle-noise patterns observable at the 
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image detection array of the PUIM-based system in which the PLIM-based semiconductor chip 
is used (i.e. when used in accordance with the principles of the invention taught herein). 

The PLIM semiconductor chip of the present invention can be made to illuminate 
outside of the visible portion of the electromagnetic spectrum (e.g. over the UV and/or IR 
portion of the spectrum). Also, the PLIM semiconductor chip of the present invention can be 
modified to embody laser mode-locking principles, shown in Figs. 1I15C and 1I15D and 
described in detail above, so that the PLIB transmitted from the chip is temporally-modulated at 
a sufficient high rate so as to produce ultra-short planes light ensuring substantial levels of 
speckle-noise pattern reduction during object illumination and imaging applications. 

One of the primary advantages of the PLIM-based semiconductor chip of the present 
invention is that by providing a large number of VCSELs (i.e. real laser sources) on a 
semiconductor chip beneath a cylindrical lens array, speckle-noise pattern levels can be 
substantially reduced by an amount proportional to the square root of the number of 
independent laser sources (real or virtual) employed. 

Another advantage of the PLIM-based semiconductor chip of the present invention is 
that it does not require any mechanical parts ^components- to produce a ipitly and/or 
temporally coherence-reduced PLIB during system operation. 

Also, during manufacture of the PLIM-based semiconductor chip of the present 
invention, the cylindrical lens array and the VCSEL array can be accurately aligned using 
substantially the same techniques applied in state-of-the-art photo-lithographic E 
manufacturing processes. Also, de-smiling of the output PUB can be easily corrected during 
manufacture by simply rotating the cylindrical lens array in front of the VLD strip. 

Notably, one or more PLIM-based semiconductor chips of the present invention can be 
employed in any of the PUIM-based systems disclosed, taught or suggested herein. Also, it is 
expected that the PLIM-based semiconductor chip of the present invention will find utility in 
diverse types of instruments and devices, and diverse fields of technical application. 




As shown in Fig. 37, the present invention further contemplates providing a novel 
planar laser illumination and imaging module (PLIIM) 650 realized on a semiconductor chip 
As shown in Fig. 36, a pair of micro-sized (diffractive or refractive) cylindrical lens arrays 651A 
and 651B are mounted upon a pair of large linear arrays of surface emitting lasers (SELs) 652A 
and 652B fabricated on opposite sides of a linear CCD image detection array 653. Preferably 
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boft ft. .inear CCD image detection array 653 and linear SEL arrays 652A and 652B are formed 
k common semrconduCor subsl ra,e 654, and encased within an integral ciccui, packa^ 

fc5M and 657B disposed over fte SEL arrays 652A and 652B, respectively, and a third .ight 

f EL „ays 652A and 652B and .inear CCD image detection array 653 must be arranged ft 

teTc r r o,her to avoid %ht ^ 0,1,0 - ccd ^ *» ^ 

Khe IC package. When so configured, fte PLUM semiconductor chip 650 of the present 

kerrCaZn co T e p, r h8er mumtaa,ion *- ^ °< 

,rr f r y ccd image ^ ■» ««*»» *■* *. 

nncpies of fte present invenfiou. This PLDM-based semiconductor chip is powered by a .„w 
oltoge/towpower P.C. supply and can he used in any of fte PLBM-based systems and IZ 

^r?n°T ta ! r™ 1 " 8 eiement ta ° rder to sweep «* F ° v - «*«« pub 

^ugh a 3-D volume o, space in which object bearing bar code and other machine-readabie 
lounted t W The 2D Airay »fgiH x — lu /u *t«V of Cylindrical Lphs FW . 



■ovei 2D tZ la T ^ "f ^ " ^ W» • 

K1A, 361B..., 361n, whrch are electronicaUy-activated to efectroopficaHy scan (i e illumhul. 
heentire 3-D POV of a CCD image detocfion array 362 ^JL,'— 

.^hamsm, As shown in Fig. 38B, fte miniatoxe 2D VXD/CCD camera 360 of fte Ulusttafiv! 
mfc^men, can realized ^ (abricaHng a „ ^ ^ 

-ted 2-D area ,type CCD image de.cfion array 362, both on a semiconductor subs^to 363 
md encapsulated ^ftin a IC package 364 having connect pms 364, a cenhaUy-locatod Ugh, 
a_n wmdow 365 posifioned over fte CCD image detection array 362, JL . ^ 
rgh, ftansm.ss.on window 366 posifioned over fte surrounding 2-D array of SEL dfodes 361 
M shown m E,g. 38B, a hgh, tocusftg ^ etement ^ „ ^ ^ ^ 

*e cenftaUytocatod Hgh, ftansmiasion window 365 to define a 3D «e,d o, view 
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forming images on the 2-D image detection array 362, whereas a 2-D array of cylindrical lens 
elements 368 is aligned with and mounted beneath the peripheral light transmission window 
366 to substantially planarize the laser emission from the linear SEL arrays (comprising the 2-D 
SEL array 361) during operation. In the illustrative embodiment, each cylindrical lens element 
368 is spatially aligned with a row (or column) in the 2-D SEL array 361. Each linear array of 
SELs 361n in the 2-D SEL array 361, over which a cylindrical lens element 366n is mounted, is 
electrically addressable (i.e. activatable) by laser diode control and drive circuits 369 which can 
be fabricated on the same semiconductor substrate. This way, as each linear SEL array is 
activated, a PLIB 370 is produced therefrom which is coplanar with a cross-sectional portion of 
the 3-D FOV 371 of the 2-D CCD image detection array. To ensure that laser light produced 
from the SEL array does not leak onto the CCD image detection array 362, a light buffering 
(isolation) structure 372 is mounted about the CCD array 362, and optically isolates the CCD 
array 362 from the SEL array 361 from within the IC package 364 of the PUIM-based chip 360. 

The novel optical arrangement shown in Figs. 3A and 3B enables the illumination of an 
object residing within the 3D FOV during illumination operations, and formation of an image 
strip on the corresponding rows (or columns) of detector elements in the CCD array^otably, 
beneath each cylindrical lens element 366n (within the 2-D cylindrical lens array 366), there can 
be provided another optical surface (structure) which functions to widen slightly the 
geometrical characteristics of the generated PLIB, thereby causing the laser beams constituting 
the PUB to diverge slightly as the PU^travels away from the chip package, ensuring that all 
regions of the 3D FOV 371 are illuminated with laser illumination, understandably at the 
expense of a decrease beam power density. Preferably, in this particular embodiment of the 
present invention, the 2-D cylindrical lens array 366 and FOV-defining optical focusing element 
367 are fabricated on the same (plastic) substrate, and designed to produce laser illumination 
beams having geometrical and optical characteristics that provide optimum illumination 
coverage while satisfying illumination power requirements to ensuring that the signal-to-noise 
(SNR) at the CCD image detector 362 is sufficient for the application at hand. 

One of the primary advantages of the PLIIM-based semiconductor chip design 360 
shown in Figs. 38A and 38B is that its linear SEL arrays 361n can be electronically-activated in 
order to electro-optically illuminate (i.e. scan) the entire 3-D FOV 371 of the CCD image 
detection array 362 without using mechanical scanning mechanisms. In addition to the 
providing a miniature 2D CCD camera with an integrated laser-based illumination system, this 
novel semiconductor chip 360 also has ultra-low power requirements and packaging constraints 
enabling its embodiment within diverse types of objects such, as for example, appliances, 
keychains, pens, wallets, watches, keyboards, portable bar code scanners, stationary bar code 
scanners, OCR devices, industrial machinery, medical instrumentation, office equipment, 
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hospital equipment, robotic machinery, retail-based systems, and the like. Applications for 
PLIIM-based semiconductor chip 360 will only be limited by ones imagination. The SELs in the 
device may be provided with multi-wavelength characteristics, as well as tuned to operate 
outside the visible region of the electromagnetic spectrum (e.g. within the IR and UV bands). 
Also, the present invention contemplates embodying any of the speckle-noise pattern reduction 
techniques disclosed herein to enable its use in demanding applications where speckle-noise is 
intolerable. Preferably, the mode-locking techniques taught herein may be embodied within the 
PLIIM-based semiconductor chip 360 shown in Figs. 38A and 38B so that it generates and 
repeated scans temporally coherent-reduced PLIBs over the 3D FOV of its CCD image detection 
array 362. 

First Illustrative Embodiment Of The PLTTM - Based Hand-Si.pportable TinPar Imager Of m » 



- — -; — — — *^iv« r r i^mcc u . imager ur ine 

Present Invention Comprising Integrated Speckle-PattPrn Noise Subsystem QperatPH In 
Accord anrp Wifh TV»o Pircf r^noroli^ \a^u^ j oir c i.i _ t> T7*~: 7? — : — - — *rn 



Accordance With The First Generalized Method Of Specklp-Pattern Noise RpHnrtion IUustrated 

In hitrc I II A Thrr\iirrk 1TO A """ 



In Figs. Ill A Through 113 A 



In Fig. 39A, there is shown a first illustrative embodiment of the PUIM-based hand- 
supportable imager of the present invention 1200. As shown, the PLIIM-based imager 1200 
comprises: a hand-supportable housing 1201; a PLIIM-based image capture and processing 
engine 1202 contained therein, for projecting a planar laser illumination beam (PLIB) 1203 
through its imaging window 1204 in coplanar relationship with the field of view (FOV) 1205 of 
the linear image detection array 1206 employed in the engine; a LCD display panel 1207 
mounted on the upper top surface 1208 of the housing in an integrated manner, for displaying, 
in a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions; a 
data entry keypad 1209 mounted on the middle top surface of the housing 1210 for enabling the 
user to manually enter data into the imager required during the course of such information- 
based transactions; and an embedded-type computer and interface board 1211 contained within 
the handle of the housing, for carrying out image processing operations such as, for example, 
bar code symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 1212 with a digital communication network 1213, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 39B, the PLIIM-based image capture and processing engine 1202 
comprises: an optical-bench/multi-layer PC board 1214 contained between the upper and lower 
portions of the engine housing 1215A and 1215B; an IFD (i.e. camera) subsystem 1216 mounted 
on the optical bench, and including 1-D (i.e. linear) CCD image detection array 1207 having 
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that can be used to construct each such PLUM b 

classify hand-supportable PLIIM-based linear i m J2 T ^ ^ * * P ° SSiWe to 
aeegories based on such criteria. bCZT^^^^** 
^ibedwid,referencetoFi g ,40Athrough40C5 ^ Categ ° rieS ^ * brie % 



P.g 40A1, the PUlM-based linear imacer 1225 ,„ * I ° Ugh 51C *°«™ * 

i ^ding a « o( VLD driver drcui* „^T" ^ — »— «- a*ay (PUA, 
1226 having a srauonary cy.indn.al tens array ^ ^"JT" 

^ 1228 ^ • -ge delcdon ^T^T fT" 

Clemmb 123 °< *- focal len«h /nxed fcJ7. Vert -^ongaled image 

W grabber .232, and an ^Z^^- ™- - 
' Camera cont «" computer 1235; a LCD panel 1236 an H ' T T ,234 ' 
Vpe or manuaUy-teyed data entry pad ,238 a!d T k ' 17 ^ ^ ' ,0,Kh - 

hcruated trigger switch 12 40 for manuaHy ^Z^T T" ^ ' 
Wtype image formal and detecdo ^ ^J*"*"* «•» * 

data buffer, and the image processing cornier It ^ ' ^ «" *»* 

o me manual acuvadon o, me ^ ~ " 
tamed ou, within the camera control computer 1235 T ^ "*""* 
digite. images „, object (i.e. bearing bar ccT2b 7 W aU, ° ma,ic - 
*- f-al length/nxed foca. distei illge W „ °*" ^ h **> «■ 
aager, C> me automatic decode-proltg ofuT 7" ^ ^ "» »- 

automatic gene^on of svmbol j^T ?' "* «* "P-en** therein; (3, me 

U — S «he same to a host computet £L"£ £ fusing 

fcgger switch 1240 having a sindesta^ « " S 3 manua "yactuated 

[required by the user. Wquence ° f °P er ahons with no further input 

In an alternative embodiment of the Sv ^ m a* • L 
actuated trigger switch 1240 would uJ^TfT " * * ^ 

be replaced w,th a dual-position switch 1240' having a dual 
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positions (or stages of operation) so as to further embodv th* ft, * 

hown in Pi, 40A1 and Mission ^ JSSr^^"" ^ 
vstem would be further provided with a data J^lZ^o" h ^ ^ 
for examp,e, so that it embodies the symbol character data Z T ^ * % 
neater detail in copending US Application Nos 320 7^ " ***** * 

Sled February 25, 2000, each said aooJil k ^ 9 ' ™ 7 ' and O 9 ' 513 ' 601 ' 

* its first position, the camera control computer 1235 Zl^l ^ "** ™ 
-ponents: the planar laser iliumination array 6 S^^TT^^ 
ype image formation and detection (IFD) ml le 1228 IT ^ ^ ^ 
234 so that (1) digital images of objLts i e be^ ba 1 ****** 

indicia) are automatically and repeat d ,y ^! ' "* «* «*» 

- repeatedly decoded, and (3) symbol chlc^r If *" W> *«* 
^bol is automatically gene a j ^in a cvH ° f each d -oded bar code 

* the bar code sy^ ^Z tlT". ^ "* "* ° f «* ^ 
-^erdep^medual.^^^ —the 

- activation), the camera control computer 1235 ^1^7 ^ 

to transmit character data from th P i '* taUntal » mechanism 1260 

acter data from the imager processing computer 1234 to * h™* 

*ou, the same time as when a Ba, code symbol is automadc^d^ ^ fT" " 
lata represent ft creo ( is automa(icall y<lecoded »" character 

nd buffer in data transmission switch „ * ™ ™* computer 1234 

- user with an additiona. deereeTlT' K ^ ****** ~ 
om a ba, code menu, on wnTJ T ? * ^ ' «* ^ 

»de menu, and width or fte rovrfthl Z« "** "* °" ' ^ " * »« 

fines, CJSSLtl: v-on of fte PLDM-based 

*own in Pig. 40A2, fte P^Z^^T* - As 

a-ay (PUA) 6 , indudlng , se , Qf ^"'" ager . ^ *™ — ffluminahon 

j , ., 6 ei 01 VLU d «ver circuits 18, PLIM«s 11 

«peclcung mechanism ,2* having a stationary cyUndrica, te a^. ^ ^ 
formation and detection (IFD) module 1246 hL v my 1227; a ta«Hype image 
-rtlcally.longated ima e l^J^L'^'T ^ «' ^ "» 
taage fora >aHon ophcs ,2«, an image ^ZZ^iT ^ d ^ 

T , Processing compu to 125 , aLe,a ^^^T ^ " 
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driver 1257; an IR-based object detection subsystem 1258 with™ , k , 
or automatically acbvabng, upon detec|ion ( ~£ ^1, 7^ 
1259, the planar laser illuminauon arrays 6 (driven by V^D 1 *** *" K>i0n "* 

image formation and deteciion (IFD) modute "2 1^ ^ ** W ^ 

via the camera con.ro. compu ter ,253 TZun* t- C0 ^' ™' 

symbols and o.her graphics, mSaT a t * ^ " "** <U ^ b « «- 
Resented ^« JLJ^^T^ « < 2 > b " «* svmbo.s 
k code symbo, are ^^Z^l rePt ~ °' 
manually-activatable data teansmLL , " , * - ' 

housing. f0 r enabUng me transmission ^ f 

computer ,252 ,o a host computer system via to T» ""^ 
-spouse ,„ me manua, acHvanon of me da, 2^ T " meChaniSm 126 °" ta 

- When a bar code symbo. is au.ou.HcaU ZZZ^T " ^ " ~ *" 
thereof is automatically generated bv ^ dala re P'«entebve 

~^«^ j^s~iir * * m — 

S Appucabon No, 08/890320, ffled ,uly 9, 1W7 . "J"* *« * 

-y (PUA, S, induding a se , of VLD ™ «~ Oluuuna** 

«go^ ml26 ^ ga - and an integrated 

ormation and detection (IFD) module 12^ h„ , * ; * """ai-type image 

ecucally^ated image d e techt el Z s Z ' TlTT ^ * 

,age formation opbcs an image Z J£ I 0 T ^ *** ^ 

— "* altera .C^^"^ " 

play panel driver 1275; a touch-tyne or man , ., u ^ 1273 ' 3 LCD P^ 1 1274 and a 

- ^ a W-based object ^^£^£2?™ " ' ^ 
omputer for automatically acnvatimr ft. „, , ^ >d ' ed m,hm camera control 

- Of operabon, Ore •1^^^^^ 

80S of objects (I, bearin baTcl ^ " »* « -W- 

^^-code^i^r^tsrrirMr^ 

apreaenUbve of the decoded bar code svmbn, ' ' Ch " aCter da| a 

— - mechanism IJM aud a --^i^r^r-** - - 

/ araoie data transmission switch 1281 for 
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enabling ft, , ransmissjon of ^ 

W computer system , via the da(a J^^T •"«*» «"»■»* to . 

act.vat.on of the data transmission switch 128, „ T T ' " reSp0nSe 10 "* 
symbol is aulomaHcally decoJed ™2 ' "~ *» " • ^ — 

automatically generated by inu f"~ ** <~tive thereof „ 

AppUcation Nos. 08/890,320, fifed July , 1997 J^Z?™ ^ in "P^ing US 

eaugh, in copending us > ^ coofe reading rn^e of operation, as 

February 25, 2000, supra. During ^ ob JT** 1W7 ' and 09/5,3,601, filed 

camera control compute, 1293 J^V"* 0pera,ion of ,h e system, the 

(optionally via me PUA microcontroller,, au^l ^ " ^ »" 
lMer fflu ^a«°" »— (PUB, conaistmg of p w 1^ ~ * """^ <*™ 
** (S* ~ low as 0.1 %, Wgh J^T ^ a very low duty 

as a non-visibte pL^^TT ^ ^ - ' ™* — * 
*e case may be). Then, „ hen me cam^c^um , " "* ^ " 

«- W-based object detecuon subsystem T " aCttTaH ° n ^ *» 

by the non-vistbfe PUB-based obfe^ TT" ** " «** *- *~ detected 

— • » bar code detect s,L, IT ^meT 7^ — » " 
■mage data and performs bar code detecfi™, P ' eVel °' «* PLIB - collects 

atate, m which the * ^^5^^** - * * -* 

cotaed and decode processed; oTay dmectly 11 ba , ta «* da * * 

output power of me PUB is increased iZ! A . "** "** **■ ta ^ «■ 

that it consumes minimal power yet enable, PUB as an object sensing beam is 

-de defecuon purposes, wiLt dL^'lTT^ " ~ C * 
tend to detract fiom the usert^ T * ~* ^ °">«*** *** *™ 
■"ay be desirable ,„ drive the VLD in eTch Pl2 T h o«ever, > 

*- (attd/or bar code de^oTJ^ ^ ^» ^ T 6 ^ "** 
bar code detection) mode of system operation J J S deterti » (and 

K-^cauycons.t^^r^p^T:^^^ 
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*own in Fig. 40A4, the PLnM-based ,mear Z^^T* "* ^ 51 ° * 

™ y (pua, 6 , induding . sel 0( ^^^Tp^'r laMr il,umina,ion 

;« mrf ,^ ml226havingasta ;™ * ,™ » < «■ - grated 

brmadon and detecdon {m module 1286 ™ . & J"* ' I ""^ 
'erHcany-ehmgated image detecdon element "w^ZTT, "* ^ 

T for^abon „ pncs 1M9 . an hnage £ £ £T 

■pon automabc detecdon of an object via J££ 7T ^ 

-bled by the Unear image sensor ,287 within the IFD "* ^ 

< objects (U bearing bar code symbois and other gTbdL ** W ^ 

(2, bar code symbois represented ^ JT^^™*""^'*** 
■epresentabve of the decoded bar „*t. u , ( ' Symbo1 character "ate 

™b<ing the transmission of symbo, character datZU ** 
to a host computer system vTthe dJT '™ger processing computer ,292 

system, via the data transmiss on mechanism nnn ;„ 
ttanual achvadon of the da* transmission switch 1301 at 272 * ** 

-a symbo, is automaHcaUy decoded and ^T^^ "~ ^ " ' "« 
automabcaUy generated by the image pro «Ig c0 " 12 Z7 7 ^ " 
symbol character date transmission scheme is dLbeTta " , ^ 7" Mil! '- aC,iVated 
Application Nos. 08/890320, „,ed My 9. .997 Z^TT, nt m ™ 
- application being incorporated her in by " eZ Z T7 ^ ^ "* 
appUcadons, me passive-mode objecbon JLZ^ ^Zo T'k- ^ 
might require (i) usine a diffo™^ . * , employed m this system 

~* i ob- c r:irr rr 'ztrir™ " ghi ftom 

character of the Ugh, co„ec«on system <° U ««°° 
•ocused onto the CCD image detecdon array ,287 in L^t ^ '° 

wucado., fc P _ n of ^ ta ^ caa : = r 
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t? * 0Uld " e SUMdent to <°™ *-«- °' -fficien, bright t „ perform object 
Metechon and/or bar code detection operations. ^ 

In Hg. 40A5, there U shown an automaficaUy-activated version of ft. PLnM-based 
■near unager as illustrated, for exampie, in Rg , 39A through 39C and «A ftroulTt 

ST(S ^ ™- «- -ager ,305 comprtees: a plana, laser £££ 
irray (FLIA) 6, including a set of VLD driver circuits 18 pttm,, h 
iespecKbng nanism I226 Having a stefionary cyX ,1 „• H " 
—n and detection <TO, module ,30b hiving a ^ZZ^ZZ 

ZZTrTrj*"* 0 * eiamMs im ***** ^ ^ 

nage format.cn opbcs ,309, an image frame grabber ,3,0, and image date buffer ,3H- 2 
«ge processbrg computer ,3, 2; a camera contro, computer ,3,3; alcD pj^," 

taver 13,7, an aufomanc bar code symbol defecHon subsystem 1318 embodied wiftin camera 
ontrol computer ,3,3 for automatical activating fte image processing computer foTdldT 

'ZIZTTb Tr au,omaac detecaon of a bar - — * 

detecbon field by fte unear image sensor within fte TO module ,306 so that fit dtaJ 

rrr - t? bar code symbois and o,her -^s 

■ ^ ; 1 1 tr?; p r n,ed ^ are decoded - •« < 3 > «*— -* 

epresentafive of the decoded bar code symbol are automatically generated- and d,*. 
— n mechanism ,3,9 and a manuaUy-acfivatebte data 

nablm ft e „„„ of ^ ^ ^ ^ ^ * M f„ 

.0 a host computer system, via the date transmission mechanism ,3,9, in respond L 1 
-ua, acfivabon of fte date transmission switch 1320 at about fte same HmeTC b^ 
- e symbol ■ automaficaHy decoded and symbol character data representabve ftTreof " 
aufonubcauy generated. This manuaHy-acfivated symbol character data tear^sfo^ 

H ^ m Srea ' Cr ta COPendtog US APP ' iCa,i<>n N0S - «/«W«l ^ July 9 1™ 



^-rr" O LD , 

Having A I.™,., Tma ^ ^^L.!Sl^.,^'Jwn And l^ori fl &LModute 
And Art En.,. , Efe^^^^^^^^^g^ I*"* * Flemonh- 



In Rg. 40B1, there is shown a manuaHy-acfivated version of fte PLDM-based linear 
8 ' 40B1 ' PUM *— "-agar 1325 comprises: a planar User Uluminafion array 
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(PLIA) 6, including a set of VLD driver circuits 18, PLIMs 11 w • » 
mechanism 1226 having a stationary ^ ^^J^ T"* 

and detection (IFD) module 1326 havi™ r ^ear-type image formation 

formation optics 1330, an image frame grabber 1331 and f ° Cal dlst ^e image 

6 ante graooer lcwi, and an image data buffer 1000 
P'ocesstng computer 1333; a camera con.ro, computer 1334- a £n. ^' " 
pane. driver .336; a touchy or manured dat ^ ™£« - ' *** 
1338; and a manually-actuated trigger switch L , * ^ driver 

iUuminauon arrays 6 the linear r^T f """"^ "» ^ 

ays o, me unear-typeunage formation and detection tnrn m ~) i 
unage processing computer 1333, », canKB -J^™"** ™' «* 

achvauon of the trigger switeh 1339. TWter, me system^, ""^ '° ""^ 

focal -nee 

fccode-processing me bar code symbo, represented Cr^l^" Jr" 0 ' W 
lata represenbve of me decoded bar code svmbo.- uTZ 8 Symb °' 

^^^-Pporteb.eHo.mgort^S^^ 1 ^^ 
(5) thereafter automatically deactivate ih u C ° mpUter SyStem; ■*» 

- a manually-actuated Z^T^Z ^ ^ ^ 

me switch 133, *» a singie prU,^ JulX^" 
« operations wim no further input required by the user ' 

Jhown in Fie. 40B1 and h-anc^- • nincuonaliaes of both switch 1339 

£ «amp,e, so »a, 1, embodies the symbo. character J * 4 ° M ' 

to its first position, the camera con* i P dual-position switch 1339* 

r uie camera control computer 1348 will n 

>ype unage formauon and detecHon (IFD) module 1341 and the" '' W 
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symbol is automatically generated in a cyclical manner (i.e. after each read™ „f k • 

|user further depresses the dual-position switch to its second mi « 
lor activation,, the camera con troLnputer ll^J^ZT ' 

in response to ft. manual acfivafion of fte dual-pos tfon ITJZl to * ""f^ 
hou, fte same fime as when a bar code syanbo, L^ZZ LZLTT 
Ute re„«ve ftereof is aurally generated by fte L ge 

ind buffered m data transmission mechanism 1355 TW a i / °niputer 1347 

» bar code menu, and width of the FOV of the hanH h 0 u • g 

«er r s uniZd'T" " T " ^^^-^ated version of fte PLriM-based linear 

ig « 1™1!,T P " ^ ^ """"^ 3,0 " d " A «™* 5 >C- As shown in 
■g. 40B2, fte PLTJM-based hnear imager 1340 comprises: p.anar laser nomination arrav .PLIA^ 
'' mdudmg a set of VLD driver circuits IS p In j«„ j . ™nanon array (PUA) 

i ^« k • ' ™* and m mte gtated despeckline mechanic 

1226 having a stationary cylindrical lens arrav 1577- . r \ ■ pecKun « mecnanBm 
detection (TO) module 1341 b, • ■ '■"ear-type ,mage formation a „d 

on (ifU) module 1341 having a linear image detection array 1342 with v„r« „ 
elongated image detection elements 1343, fixed focal length /varial ,Z T, 
fonnafion opfics 1344, an image frame grabber ,345, and IT 
processing computer ,347; a ciunera contro, computer ,348 a l^D ol, nao ^' ^ 

r i™ vrr or — ^ d - : - 

1352, an IR-based object detection subsystem 1353 within its hand-supoortabl. Z ■ 7 
automatical* acfivafing upon detecfion of an object in ite U^ ££££?£ 
Ihe planar laser illumination arrays 6 (driven by VLD driver circuit IgTfteT "1 

represented therein a ed^t l^TT,'" " "* ~ 
^ ^Luaea, ana (3) symbol character data represents™ a* a 

bar code symbol are automaficaUy generated; and date ^JZ^L^T 
manually-acfivatable data fi-ansmission switch 1356 for enabling ,h ,T * 
character data from fte imager processing ^ZZ^ZZT+ZZ 

i— rrrr iirr ,o r — - - — 

-1 charac. data ^ 1^™^ 

^ -349- 
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"^computer ,34, This manuauy-achvated symbo, character data transuussion scheme 
■a descnbed tn greater detail in copending US Application No, 08/890,320, ffled July 9 ,~ 

r ~™ raaiy * 2w - each - — - 

In Fig. 40B3, there is shown an automadcauy-acdvated version of the PUIM-based 
..near .mager as iUustrated, for e*amp,e, in Pigs. 39A through 3 9C and 4,A through 51C ^ 

:™t r r: PU,M - based w ima8er 1361 * - 

rray (PUA, 6 tndudrng a se, of VLD driver circuits 18, PUMs ,1, and art integrated 
despecknng mechanism 1226 havutg a stehonacy cyhndrica! .ens array 1227; a Unear-type^ 
forma,™ and detection (IFD, modu,e 1361 having a Unear image detecdon array ^2^ 

« ima8e *— I3W ' *- *** ^vadabte fl distet 

■mage formabon opt.cs 1364, an image fratne grabber ,365, and an image data buffer 1366^ 
■mage processing computer 1367; a camera con.ro, computer 1368; a L pane, 136^ 

dnver 1372, a taser-based ob.ec detecdon subsystem !373 embodied within me camera coL 
7 PUter «» *»— ~g the pfanar faser mundnadon acrays 6 1 71 
ower mode of operabon, me Unear-type image formabon and defecdon OfJ, modi « 

2 "T" r eSSi " 8 C ° mPUto ^ VU "» — — ' -*<- * respond 

ti a TT" ^ ° bieCl " '* laSer - bMed ^ «- "74, sol, £ 

Mai tmages of ob,e«s (i .e. bearing bar c^e symbo. s and other graphica! indicia, 1 
,,omabca,,y capbared, (2, bar code symbois represented .herein am ZL, and 
h^racter date representeuve of me decoded bar code symbo, are automabcauy J^Z 
ate tra mechanism m ^ , ^.^^ ^ ™ J* - 

hvabon of me data transmission switch 1376 at about the same dme as when a bar cZ 
•ymbol „ au.omauca„y decoded and symbol character data represent thereof 
.utomadcally generated by the image processing computer ,367. L manu^Zted 
•ymM character data Emission scheme is described in greater detail in copl^ " 
*ppucah„n No, 08/890,320. filed ,u,y 9, ,997, and 09/5,3*11. ffled February 25 2000 e ^ 
ud apphcadon being incorporated herein by refemnce in its enfimty. 

In the ^illustrative embodiment of Fig. 40B3, me PLDM-based system has an object 
etecbon mode, a bar code detecdon mode, and a bar code reading mode of operado! t 

February 25, 2000, supra. During the object detection mode of operation of the system the 
.amera contro, c„„ puter 1368 ^ . ^ ^ ^ J 
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(op o„a,, y v,a the PUA microcontrolter,, causing each pUM 

fc 1Um T n m <PLIB) ° f ^ »* I"*- -4 a veX d ^ 

bcle (e.g. as low as 0.! %, and high ^don ftequeiKy ( « J 

M» case may be). TTren, when the camera control computer receives an a J,T 
. Abased ohtec, deteebon subsystem ,373 (i , JLJZZ£££l 2 
^ "■e PUB-^sed ob ja c sens tag be am) , ,he system 
« «, bar code detecdon state, where i, increases the power ,eve. of the PUB 
mage data and performs bar code detection operation,, and therefrom, to its bar cl ^2 
*ad,n g state , ta which te ou|puf o( increased L a l dT^ 

>u.pu power of the PUB is increased, image data is coUeeted .d decode pLesstd A p ^ ^ 
^arrtage of using a pulsed •dgh-freuuency/low-du.y.cycle PUB m an ^ ^ Z, , 
her , « „ pQW€r ye , enablM jmage ^ g beam 

hrch tend to detac, from the user's experience m ye. alte^e embodiment howevH 
<V be destrable .o drive me VXD in each PLIM so ta a visibly blinkin* PL ra bZTT 
ensing beam (and/or bar code detection beam, is generated during m^^to 
bar code detection) mode of system operation. 11k visibly blinkine PLn. JZ u 

and low repetition frequency (e.g. ,ess man 30HZ). fo .his al ,em a bve enZm, ^2 
present mvenbon, the low fluency bunking nature of me PLIB ba„H K T 

hgrunen, of me PL.B/POV with Ihe bar code symbol, or graphics being 
bnghtunBgingenvironmente. 8 relatively 

In Kg. 40B4, mere is shown an aufomatically-acdvated version of the PLnM-based 
bnear nnager as Ulusteated, for example, in Figs. 39A duough 39C and 41A ttuou^C ^ 
shown in Fie 40B4 thf> Pi mu k,^ v tnrougn 51C. As 

formation and detecdon flFD) module ,38, having a unear image detecu™^Z 
verbca, ly.longated image detection elements ,383, fixed foca, i*£ZZL ^ 
-ge formation optics ,384, an image frame grabber ,385, and anLge daU b 1 
■mage processmg computer 1387; a camera control computer ,388- a irn . 
display panel driver ,3*1; a .ouch-type or ^Z^^JT^l 
*»er »* « ^bient-ugh, driven o,ec detecdon subsystem SK^US! 
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camera control computer 1388 for automaticaUy activating the p.a„ar User .nomination arrays 6 
dnven by VLD driver circuit ,8,, the ,i„ea,type image formation md detecHon 
1386, and the image processing computer 1387, via the camera control computer 1388 in 

T ZZ! ° TIT? , de,eCBOn ° f " *** ambiCnWi8hl * **« ^on 

held 1394 enabled by the linear image sensor within the IFD module 1381. so mat (1, digital 

.mages of objects (i.e. faring bar code symbols and other graphical indicia) are automatic! 
captured, (2, bar code symbols represented therein are decoded, and (3) symbol character data 
representative of the decoded bar code symbol are automaficaHy generated; and date 
fra_n mechanism 1395 and a manually-activatable date transmission switch 1396 for 
enabUng the transmission of symbol character date from the imager processing computer to a 
host computer system, via the date transmission mechanism 1395 in response to the manual 
actuation of the date transmission switch 1395 at about the same time as when a bar code 
symbol is automatically decoded and symbol character data representative thereof is 
automatically generated by the image processing computer 1387. This manually-activated 
symbol character date transmission scheme is described in greater deteU in copending US 
AppUcation Nos. 08/8,0,320, filed July 9, 1997. and 09/513,601, Med February 25 2000 ead, 
mi I application being incorporated herein by reference in its entirety. Notably, in 'some 
apphcahons, the passive-mode objection detection subsystem 1393 employed in this system 
ought require (i, using a different system of optics for collecting ambient Ugh, from objecte 
durtng the object detection mode of *. system, or (u) modifying the Ugh, collection 
character^ of the Ugh, collection system to permit increased levels o, ambient Ught to be 
focused onto the CCD image detection array ,382 in me IFD module (i.e. subsystem). In omer 
apphcahons, the provision of image intensification optics on the surface of me CCD intake 
detection array should be sufficient to form images of sufficient brightness to perform obJL 
detection and/or bar code detection operations. 

In Fig. MBS, mere is shown an automaticauy-activated version of the PUIM-based 
;ar unager as Ulustrated, for example, in Figs. 39A through 39C and 41A through 51C As 

IT^a!' T 5 ' T™-'"** ,inear imager 1400 — 

rray (PUA) 6, mcludmg a set of VLD driver circuits 18, PLIMs 11, and an integrated 
lespecklmg mechanism 1226 having a stationary cyUndrical lens array 1227; a limax-type L* 
ormation and detection (IFD) module 1401 having a Unear image detection array 1402 wim 
'eruca ly-elongated image detection elements 1403, fixed local length/variable focal distance 
".age formation optics 14054, an image frame grabber 1405, and an image date buffer ,406- an 
.age processing computer 1407; a camera control computer 1409, a LCD panel 1409 and a 

It\T driVM 1410; 3 ,0UCMyPe ° r "ate entry pad ,4,1 and a keypad 

Inver ,4,2; an automatic bar code symbol detection subsystem ,4,3 embodied within camera 
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control compute, 1408 for au.omanca.ly acfivattag the image processing computer for decode- 
processing upon automatic detection of a bar code symbol within its bar code symbol detection 
field by the linear image sensor within the IFD module 1401 so that (1) digital images of object 
(t e. bearing bar code symbols and other graphical indicia) are automatically captured, (2) bar 
code symbols represented therein are decoded, and (3) symbol character data representative of 
the decoded bar code symbol are automatical generated; and data transmission mechanism 
1414 and a manually-acnvateble date transmission switch 1415 for enabling the transmission of 
symbol character date from me imager processing computer to a host computer system, via the 
data transmission mechanism 1414, in response to the manual activation of the data 
transmission switch 1415 a. about the same time as when , bar code symbol is automatically 
decoded and symbol character data representative thereof is automatically generated by the 
■mage processing computer 1407, This manually-activated symbol character data Emission 
scheme is described in greater detail in copending US Application Nos. 08/890,320, filed July 9 
1997 and 09/5,3,601, filed February 25. 2000, each said application being incorporated herlin 
by reference in its entirety. 



System Control Archit ectures Fnr PI ITM -R^h HanH e im _-, f! , KU T . 

Present Inv P nH„ n Emn.ov.na T ,^t ™ r n PP T^ n !" 6 " ° f Thp 

Having A Hn^ fa jg TJ^Tf^^^ *"d Detection 0FP) Ma^ 



And Varia b.e Foca, U^Z^l Fln^ 



In Fig. 40C1, there is shown a manually-activated version of the PLDM-based linear 
unager as illustrated, for example, in Fig, 39A through 39C and 41A through SIC. As shown in 
Fig. 40C1, the PLHM-based linear imager 1420 comprises: planar laser mumination array (PLIA) 
6 deluding a set of VLD driver circuits 18, PLIMs 11, and an integrated despeckling mechanism 
1226 having a stationary cylindrical lens array 1227; a linear-type image formation and 
detection (IFD) module 1421 having a linear image detection array 1422 with vertically- 
elongated image detection elements 1423, variable focal length/variable focal distance imaee 
formation optics 1424, an image frame grabber 1425, and an image data buffer 1426; an image 
processing computer 1427; a camera control computer 1428; a LCD panel 1429 and a display 
panel driver 1430; a touch-type or manually-keyed data entry pad 1431 and a keypad driver 
1432; and a manually-actuated trigger switch 1433 for manually activating the planar laser 
wumination array 6, the linear-type image formation and detection (IFD) module 1421, and the 
.mage processing computer 1427, via the camera control computer 1428, in response to the 
manual activation of the trigger switch 1433. hereafter, the system control program carried 
out within the camera control computer 1428 enables: (1) the automatic capture of digital 
images of objects (i.e. bearing bar code symbols and other graphical indicia) through the fixed 
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focal length/fixed focal distance image fonnation opHcs lm 
■mager; (2, decode-processing the bar code symbo. represented therein «t " 

and f^T U,e ( hand - SUpPOrtabk h "" ta « or teansmitung the same to a host computer syst^ 
«- (5) -hereafter automatically deactivating the subsystem components descrtj Ive' 
When usurg a manually-actuated trigger switch 1433 having a single!- ooerafton „ 
the switch ,433 with . sing, p„U-ac«on wft, £JL TZTZ ^ 
ofoperahonswithnoftutherinputrequiredby theuser. sequence 

In an alternative embodiment of the system desi shown 
^«SS™«3wou,dbe,ep,a^ 

£*» („ stag, of operation, s „ as to former embody the functional of bofh 2Lm 
shown m F,g. 40C1 and transmission acdvftadon switch 145. shown in Fig 40C2 2 2 
system would be further provided with a data h-»nc mi . • ,. ^ Also, the 

for example, so L ft ^t^Z^TJT'^^ 

9/513,601, filed February 25, 2000, each said ,pp licalion Mng ^ * 

reference m fts entire*, ft, such an afternafive embodiment, when the uL pufis fel^ 

rrrr 10 its - position ' *■ — — — • » - > ~S 

C ° m * ** PUnar lMCT mUDUnati0n - V 6 (driven by VLD driv CT 
orcuus 18), the hnear-type image fomution and detection (IFD) module 1421 and ,h» 

are Md ~ y c ~ » ■» 

TTT!f ,t " ^ " dCCOded ' -* P) Symbo1 *««« «ata representative of 
^ decoded bar code symbo, is automadcaUy generated in a cyclical manner" 7al 
reading of each instance of the bar code symbol) and buffered in the H r t» 
mechanism ,280. Tnen, when me user further depresses me ^ 
osrfion (re. complete depression or acfivafion), the camera control computer ,428 enab^ 
data transmission mechanism ,401 to transmit character data from LZ 
computer ,422 ,„ a host computer system m response to ^ JZ2 

« t Symb °' CharaCter date rePr ~ e *— * — ^ 

miTJ ?" rr r essing computer 1427 and tuffered * ** —ol 

degree of control when trymg ,„ accurately read a bar code symbol from a bar code menu on 
wh.cn two or more bar code symbols raaioe on a sing,e fine of a bar code ~^ZZ 
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the FOV of the hand-held imager spatially extends over these bar code symbols, making bar 
code selection challenging if not difficult. 

In Fig. 40C2, there is shown an automatically-activated version of the PLIIM-based 
linear imager as illustrated, for example, in Figs. 39A through 39C and 41A through 51C As 
shown in Fig. 40C2, the PLIIM-based linear imager 1435 comprises: planar laser iUumination 
array (PLIA) 6, including a set of VLD driver circuits 18, PLIMs 11, and an integrated 
despeckling mechanism 1226 having a stationary cyUndrical lens array 1227; a linear-type image 
formation and detection (IFD) module 1436 having a linear image detection array 1437 with 
vertically-elongated image detection elements 1438, variable focal length/variable focal distance 
image formation optics 1439, an image frame grabber 1440, and an image data buffer 1441; an 
image processing computer 1442; a camera control computer 1443; a LCD panel 1444 and a 
display panel driver 1445; a touch-type or manually-keyed data entry pad 1446 and a keypad 
driver 1447; an IR-based object detection subsystem 1448 within its hand-supportable housing 
for automatically activating upon detection of an. object in its IR-based object detection field 
1449, the planar laser illumination arrays 6 (driven by VLD driver circuits 18), the linear-type 
image formation and detection (IFD).modul e .1436, as well the image processing computer 1442, 
via the camera control computer 1443, so that (1) digital images of objects (i.e. bearing bar code' 
symbols and other graphical indicia) are automatically captured, (2) bar code symbols 
represented therein are decoded, and (3) symbol character data representative of the decoded 
bar code symbol are automatically generated; and data transmission mechanism 1450 and a 
manually-activatable data transmission switch 1451 for enabling the transmission of symbol 
character data from the imager processing computer to a host computer system, via the data 
transmission mechanism 1450, in response to the manual activation of the data transmission 
switch 1451 at about the same time as when a bar code symbol is automatically decoded and 
symbol character data representative thereof is automatically generated by the image 
processing computer 1442. This manually-activated symbol character data transmission scheme 
is described in greater detail in copending US Application Nos. 08/890,320, filed July 9, 1997, 
and 09/513,601, filed February 25, 2000, each said application being incorporated herein by 
reference in its entirety. 

In Fig. 40C3, there is shown an automatically-activated version of the PLIIM-based 
linear imager as illustrated, for example, in Figs. 39A through 39C and 41A through 51C As 
shown in Fig. 40C3, the PLUM-based linear imager 1455 comprises: a planar laser illumination 
array (PLIA) 6, including a set of VLD driver circuits 18, PLIMs 11, and an integrated 
despeckling mechanism 1226 having a stationary cylindrical lens array 1227; a linear-type image 
formation and detection (IFD) module 1456 having a linear image detection array 1457 with 
vertically-elongated image detection elements 1458, variable focal length/variable focal distance 
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image formation optics 1459, an image frame grabber 146(1 a „H • 

i»a g e processing compute 14M; a l mera » buffer 146 , „ 

display pane, drtver 1465; a touch-type or manuaUyC l llv d^ ^ * 

driver 1467; a Abased object detecbon subsystem S^^T 3 ^ 

lor automabcaUy acbvaHng fte planar lasM Ld^^ ^ Xow H 

op*r a H„n. the Wtype imag e formation „ detecBon ^2 ^"^ " 

processmg compute, ,462, via „ mera COMro , J «• *e muge 

o, an objec, h „ laser . based objKt detecHon p fleld 2 *• ~< 

objects (U. bearing ba r code symbofa and other graphical ' ' * ""^ * 

(2) bar code symbols represented therein are loot TZ d fT '"^captured. 

representee of the decoded bar , a I . ' ' Symb °' character dala 

tne decoded bar code symbol are automatically generated- „„H h . 

transm.ss.on mechanism 1470 and a manually-acdvatable data tr.n I 
anabUng the transmission of symbol character data tarn 1 "** «" 

host computer system via the H at „ raCterda,a ftom *e -mager processing computer to a 

syntbo. is automaHcaUy decoded ^^ZT " ^ * ^ "* 
automabcaUy generated by the image proclin, 1 ^ £ ""^ ^ " 
symbo. ch.rac.er d ata transmission scheme is dlribed hllT^ 
Applicabon Nos. 08/890320, filed July 9 1997 and J I C ° P€ndmg US 

In the illustrative embodiment of Fie 40C3 the PT niu k , 
defection mode, a bar code detection ^ J ^^^T ^ 

— « coX r irr: r r s ;r :r ; f — - 

(opbonaUy via me PUA microconboUer), causing e*h TL ' 
[aser Ulundnabon beam (PUB) consisting -ZT^ pTT 3 """^ ^ 

— aigna, from fc ^ o^d" I~ B ?T " 

C- aaed. Image djj ZZ ^7 d m " 0U,PU, ^ °' "» PUB ^ 
a is collected and decode processed; or (ii) directly to its bar code symbol 
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reading state , in which the output power of the PLIB i, increased, image data is collected and 
decode processed. A primary advantage of using a pulsed high-frequency/tow-duty-cycle PUB 
as an object sensing beam is th at it consumes minimal power ye, enables image capture fo, 
automauc object and/or bar code detection purposes, without distracting „ by visibly 
bhnkmg or flashing light beams which tend ,„ detract from the user's experience In ye, 
alternate embodiments, however, i, may be desirable to drive me VLD in each PUM so ma, a 
vtstbly banking PUB-based object sensing beam (and/or bar code detection beam, is generated 
durmg the object detection (and bar code detection) mode of system operation. The visibly 
bhnkmg PUB-based object seeing beam wil. typicaUy consist of planar User Ugh, puj 
havmg a moderate dufy cycle (e.g. 25 %, and low repeuhon frequency (e.g. less man 30f£,. h 

P^l Tr °' "* ' OW WWdng nature of the 

PUB-based objec, sensing beam (and/or bar code detection beam, would be rendered visua.lv 
consp.cuous, .hereby facilitating alignment of me PUB/FOV with the bar code symbol or 
graphics being imaged in relatively bright imaging environments. 

In Fig. 40C4, there is shown an automaucally-acBvated version of the PLHM-based 
tear unager as illustrated, or example, in Figs. 39A through 39C and 41A ftrough 51C As 

T r:™^ ^ " 75 innminarion 

rray (PUA) 6. mcludmg a se, of VLD driver circuits 18, PLIMs 11, and an integrated 
especkhng mechanism ,226 having a stehonary cylindrical lens array 1227; a IWtype image 
formahon and detecHon (WD) module ,476 having a linear image detect array H77 wi* 
verttca ly-elongated ,mage detecdon element ,478, variable focal lengm/variable focal distance 
■mage formation optics 1479. an image frame grabber 14 80, and an image date buffer 1481- an 
■mage processing computer 1482; a camera control computer 1483; a LCD pane. 1484 and a 
dtsplay pane, driver 1485; a touch-fype or manually-keyed date entry pad ,486 and a keypad 
dnver 1487; an ambienHigh, driven object detecdon subsystem ,488 embodied within the 
camera control computer 1488, for automatical* acttvaung me planar User ulununauon arrays 

module 1476, and ute image processing computer 1482, via the camera control computer 1483 

Teidir T/rr? deiecaon of m °*« ™ * «*- ^ 

held 1489 enabled by the Hnear image sensor within the IFD 1476 so fta, (1, digital images of 

ob^cte <i.e. bearing bar code symbols and omer graphica. indicia, are automaiically capLd 

, bar code symbols represented therein are decoded, and (3) symbo. character date 

epresentahve o, ,he decoded bar code symbo. are automaucally generated; and date 

teansm.ss.on mechanism 1490 and a manually-acuvatob.e date teansmission swi,ch ,491 for 
nabUng a. tiinsmissim „ symbo , ^ ^ ^ 

host computer system, via the date transmission mechanism ,490, in response to the manual 
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activation of the data transmission switch 1491 at abn,,. th. c 

automatic^ ge „ erated by the , C m " " 

symbo, character data Kheme „ ^ " ^» ~ "»^a,ed 

Apptication No, M/890J20 , Med July ^ ^ ^ £-» US 
sa,d appl,caHo„ being incorporated herete «J^iT 
apphcations, the passiye-mode objection detection subsystem .488 ami H I' 

unng tha object detecHon mode of the system or ,m IT °* < * 
^.ctefistics o, the Ugh, coUection system T^L^ t " ^ ^ 
onto the CCD image detection array J, TL^TJ r T~* ^ *° * 
•Ppncations, the proton o f im a g e mtenLfion ^7^1 Z^t^ 
letection array should be sufficient to form images of sufficient bn^T ""^ 
letecoon and/or bar code detection operations. ^ * ""*"» 

In Fi g . 40C5, there is shown an automaucafiy-actiyated yersion of the PLDM h , 
mear nnagar as fflustrated, for example, i„ Figs. 39A through 39C and u, a * P " B "" ed 
*own in Fig. 40C5, me PLDM-based linear imager £T * ^ ^ M 

-y (PUA, , induding a se, of VLD Z^lZ^T'T^^ 
Riding mechanism 1226 hayin g a stationary cyhn^ 1 ^ " 
formation and detection (IFD) module 1496 ZZ, , l in " ge 
-Mr**- image detection^ S^ZS^JT ^ ^ 
hage formadon optics ,49, an image frame jabber £ - ^^TilT 

ier 4- an alm^' K ^ " """""^d d "> «*T Pad 1506 and a keypad 

1507, an automatic bar code symbol detection subsystem 1508 emW a :u- \ 
camera con.ro, computer 1508 for automatical actiyatin g tiC 

lecod^processin, upon automatic detection of a bar 2 ZZ^ZZ? T * 
.atection field I5 09 by the Unear image sensor within ^^,1 ^7 ^ 
-ages of object (i.e. bearing bar code symbols and other grapW^tfi * 
captured, ,2, bar code symbo k representeTmerein arad«^ ^bT 7°™^ 
^esentatiye of the decoded bar code symbo. are .ZTJ ^^^ 
tiansmissron mechanism 1510 and a manuafiy-actiyatable data te a • 
enabfing the transmission „, symbo. character d a ll 1 °" "** *» 

host computer system y.a thedl 1 com P uto •» a 

actiyatjof xttr : - ,o *■ — ' 

— - automatic^ decode, a, ^^Z^^ 
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automatically generated by the image processing computer 1502. This manually-activated 
symbol character data transmission scheme is described in greater detail in copending US 
Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 2000, each 
said application being incorporated herein by reference in its entirety. 
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Present Invention Comprising Integrat ed Speckle-Pattern Noise Subsystem OngratoH in 



Accordance With The First Generalized Method Of Speckle-Pa ttem N oise ReH,,rrinn' Tll,,^^ 



InFies.lKA And 1I6B 



In Fig. 41A, there is shown a second illustrative embodiment of the PLDM-based hand- 
supportable imager of the present invention. As shown, the PLHM-based imager 1520 
comprises: a hand-supportable housing 1521; a PLIIM-based image capture and processing 
engine 1522 contained therein, for projecting a planar laser illumination beam (PLIB) 1523 
through its imaging window 1524 in coplanar relationship with the field of view (FOV) 1525 of 
the linear image detection array 1526 employed in the engine; a LCD display panel 1527 
mounted on the upper top surface 1528 of the housing in an integrated manner, for displaying, , 
in a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions; a 
data entry keypad 1529 mounted on the middle top surface 1530 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such information- 
based transactions; and an embedded-type computer and interface board 1531 contained within 
the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface with a digital communication network, such as a LAN or 
WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 41B, the PUIM-based image capture and processing engine 1522 
comprises: an optical-bench/multi-layer PC board 1532 contained between the upper and lower 
portions of the engine housing 1534A and 1534B; an IFD module (i.e. camera subsystem) 1535 
mounted on the optical bench 1532, and including 1-D CCD image detection array 1536 having 
vertically-elongated image detection elements 1537 and being contained within a light-box 1538 
provided with image formation optics 1539 through which light collected from the uluminated 
object along a field of view (FOV) 1540 is permitted to pass; a pair of PLIMs (i.e. PLIA) 1541A 
and 1541B mounted on optical bench 1532 on opposite sides of the IFD module 1535, for 
producing a PLIB 1542 within the FOV 1540; and an optical assembly 1543 including a pair of 
Bragg cell structures 1544A and 1544B, and a pair of stationary cylindrical lens arrays 1545A 
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and 1545B closely configured with PLIMs 1541A and 1541B, respectively, to produce a 
despeckling mechanism that operates in accordance with the first generalized method of 
speckle-pattern noise reduction illustrated in Figs. 1I6A through 1KB. As shown in Fig 41D 
the field of view of the IFD module 1535 spatially-overlaps and is coextensive (i.e. coplanar)' 
with the PUBs that are generated by the PLIMs 1541 A and 1541B employed therein. 

In this illustrative embodiment, each cylindrical lens array 1545A (1545B) is stationary 
relative to its Bragg-cell panel 1544A (1544B). M the illustrative embodiment, the height-to- 
wuith chmensions of each Bragg cell structure is about 7x7 millimeters, whereas the width-to- 
height dimensions of stationary cylindrical lens array is about 10x10 millimeters It is 
understood that in alternative embodiments, such parameters will naturally vary in order to 
achieve the level of despeckling performance required by the application at hand 




In Fig. 42A, there is shown a third illustrative embodiment of the PLIIM-based hand- 
supportable imager of the present invention. As shown, the PLIIM-based imager 1550 
comprises: a hand-supportable housing 1551; a PLIIM-based image capture and processing 
engine 1552 contained therein, for projecting a planar laser illumination beam (PLIB) 1553 
through its imaging window 1554 in coplanar relationship with the field of view (FOV) 1555 of 
the linear image detection array 1556 employed in the engine; a LCD display panel 1557 
mounted on the upper top surface 1558 of the housing in an integrated manner, for displaying, 
m a real-hme manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions- a 
data entry keypad 1559 mounted on the middle top surface 1560 of the housing, for enabling 
the user to manually enter data into the imager required during the course of such information- 
based transactions; and an embedded-type computer and interface board 1561 contained within 
the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 1562 with a digital communication network 1563, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like 

As shown in Fig. 42B, the PLIIM-based image capture and processing engine 1552 
comprises: an optical-bench/multi-layer PC board 1564 contained between the upper and lower 
portions of the engine housing 1565A and 1565B; an IFD (i.e. camera) subsystem 1566 mounted 
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on the optical bench 1564, and including 1 n rrn • 

1572A and ,™ ^ " '° * ° f PLIMs ^g.e VLD PLIAs) 

1572A and 1572B mounted on oplical ^ ^ m modme ,5«f 

produong a PLIB 1573 within the FOV; and an opto. assemblv fflT^ f ' 
PL W , inching a bean, ,„,ding mirror :576 ^ ^ I ^ ^ Wi,h "* 
minor 1577 mounted above the PI ma a ■ ' " """^"lating 

be fore ^oJ:Z2^ ml T T*** lem amy 1578 " 

operates m acco„ance JLTJ^^^J TT " 
generatedbyjptj 1^L^ B ~ ^ « - - "» - a,e 

1577 is a about .,*„ and the Z£ * ™ 2d 7™ " -*» 

about U02 mimmeters , ^ J" d ~ ° f *' '«« «V 1578 is 

ipplication at hand. ^speckling performance required by the 

fourth niiistrativp EmhnH.r^nt OfThr n TTM n „ i 1 1 . - 

g^n.. venhon Lom^ ^ Z!^^ T,in P ar Imager Of ^ 

tordance With " IV pri&TSfc^ 

7A Throng Il7r ^rapecKlp-Kattern NInics, P^. Jct jnn Tllncf^ 

suppo^l^ tT ; ' OUrth °< - ™- Hand- 

rr wwe imager of the present invention. As shown thePiriMi, a • 

comprises: a hand-supportable housing ,581- a PUBlZd " IM " baSed 1580 
engine 1582 contained therein for JlZ ! , ' ^ ^ »~-« 
Ih™..!. ■ Projecting a planar laser fflumination beam (PUB) 15m 

Ihrough * unagmg window !584 in copianar re.auor.hip with the fie.d of view 
he imear .mage detection array 1586 employed in the engine- a LCD duT , 
aounted on the upper top surface 1588 „f L I ■ ■ P ' Y panel 1587 

a a real dm. m 8 * " te S rated mim ™ r . displayine. 

^sTtZT' •T? images - date bdns entered tato "* s ^ » d ^ - 

b~ transacbon* artd an embedded-type computer and interface board ,591 ~' 
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symbo. decod.ng operations, sig „a, ure image p rocessing operaHons> J, 
reco^on (OCR) operas, and the Uke. in a Wgh - S peed manner, as wel asLablJg a 

""T" ^ 1592 3 ^ — a«„n network .5,3, Lt 
LAN or WAN supporung a networking protocol such as TCP/IP, Appletalk or the like 

As shown in Pig. 43B, the PUIM-based image capnrre and processing engine 1582 
compnses; an opfical-bench/mulfi-Uyer PC board ,594, conteined between I upper Z 
lower porhons of the engme housing 1595A and 1595B; an IPD ,i.e. camera, subsystem .5% 
mounted on the optica, bench, and including 1-D CCD image detecuon array 4 ha^ 
vern^y-dongated unage detecuon elements ,597 and being contained within a Hght-box Z 
provided wtth unage formation opucs ,5*. through which hght coUected from *e UlumuT 
oblong me field of view (POV) ,585 is permitted to pass; a pair of PUMs (i.e. com» 
m^^T "T a " d . 160 ° B m0Un,ed ° n 0ptol ben * 1594 °" »PP<>«te sides^me^ 
w^tch ™ T S ""^ ^ FOV; *" "** — b1 ^ «» confix 

Put b T M 8 3 ■*» W «— befogs 

PUM a beam Mdmg mirror ,603 mounted above the PUM, and a cyundrical lens array ,6* 
mounted before the beam fo.ding mirror ,803, to produce a despeckjing mechanism Z 
perates .„ accordance with the firs, generalized method of speckJe-pattem noise reduction 
ululated m P.gs WA through 1J7C. As shown in Pig. 43D, the Held o, view of the TO 
module ,598 spatially-over!,,* and is coextensive (i, coplanar, wtth the PLIB 2,^ 
generated by the PUMs 1600A and 1600B employed therein. 

In this ulustrative embodiment, the heigh, to width dimensions o, me DM structure ,802 
s abou, 7x7 millimeters. The width-tc-heigh, dimension, of stationary cylindrical lens a™ 
1604 ,s about ,0x,0 millimeters. I, is understood that in alternajTelbodim IZ Z 
parameters wil, naturally vary in order ,o achieve me level of despeckling period 
required by the apphcaBon at hand. F rormance 




In F.g. 44A, mere is shown a fifth illustradve embodiment o, the PUIM-baaed hand- 
supportable imager of the present invention. As shown, the PUIM-based imager ,6,0 
compnses: a hand-supportable housing 16,1; a PUIM-based image capture and processing 
engme 1612 contained therein, for projecting a planar User uluminadon beam (PUB, 16B 
through „s unaging window 1614 in coplanar relationship wfth me fidd of view (POV) ,615 .» 
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.he hnear .mage de.ec.ion array 1616 employed m ,h e engine; , LCD dispUy pane, ,6.7 

m a eal-dme manner, captured image,, data being entered into the system, and graphical^ 
mterfaces.Gms) quired in me support of various types of htfiJLb *ed 
date entry keypad ,619 mounted on the middle top surface 1620 of the housing, for 

based Racoons; and an embedded-type computer and interface board 162, contend 

~on^ T"* Si8na ' Ure ""^ OPH"' hara^ 

r«ogmh„„ (OCR) operafions, and me Uke, in a highspeed manner, as weu as enabUng a hi* 

7^ W ~ CaU ° n 1622 "» « — **» network ,6^ T. 

LAM or WAN supporting a networking protocol ^ as Tcp/n> _ J> ^ 

As shown in Fig. 44B, ,he PUIM-based image capture and processing engine 1612 
ompr.se, an opfica.-bench/muHHaye, PC board 1624, conteined Leen the upl a nd 
lower porhons of the engine housing ,625a and ,625B; an IFD (i.e. camera, S u12Zm 

~t *t* ^ " ^ ud ccd ^ ■ 

verbcaHy^ngated ,mage detecfion etemente 1627 and being conteined within , Bght-box Z 

, «2 lffl *" — 10 ' ** °< *™» 0* -prising a 

pri VLD PUA, 1629A and 1629B mounted on optical bench ,624 on opposite sides of me IFD 
module, for producing PLIB 1613 within the FOV 1615- and an „L,1 t, 

md la cyhndncal lens array ,632 mounted before me FO-LCD phase modulation pane, 163, te 
a despeckfing mechanism tha, operate, in accord! with the Z^U^ 

* 44D the field of vew of the IFD module ,626 spafiauy-overtaps and is coextensive (ie 
CP W, wrth the PUBs that are generated by the PUMs 1629A and ,L B c^Zm. 

m Una Ulustrauve embodiment, me heigh, to width dimensions of L PCmTlcD- 
^ Phase modulation pane, ,63, is about 7x7 mOumeters. 1* width-to-heigh, £ 
stehonary cylmdrica. tens a„ay ,632 is about 9x9 nuUimeters. ft is JL»ZZZ 
temafive embodiments, such parameters win nahtraOy vary in order to achiev" I 
l«pecklmg performance required by the application a, hand. 
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In Fig. 45A, there is shown a sixth illustrative embodiment of the PLIIM-based hand- 
supportable imager of the present invention. As shown, the PLIIM-based imager 1635 
comprises: a hand-supportable housing 1636; a PLIIM-based image capture and processing 
engine 1637 contained therein, for projecting a planar laser illumination beam (PLIB) 1638 
through its imaging window 1639 in coplanar relationship with the field of view (FOV) 1640 of 
the linear image detection array 1641 employed in the engine; a LCD display panel 1642 
mounted on the upper top surface 1643 of the housing in an integrated manner, for displaying, 
in a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions; a 
data entry keypad 1644 mounted on the middle top surface 1645 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such information- 
t>ased transactions; and an embedded-type computer and interface board 1646, contained 
within the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 1647 with a digital communication network 1648, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 45B, the PLIIM-based image capture and processing engine 1642 
comprises: an optical-bench/multi-layer PC board 1649, contained between the upper and 
lower portions of the engine housing 1650A and 1650B; an IFD module (i.e. camera subsystem) 
1651 mounted on the optical bench, and including 1-D CCD image detection array 1641 having 
vertically-elongated image detection elements 1652 and being contained within a light-box 1653 
provided with image formation optics 1654, through which light collected from the illuminated 
object along field of view (FOV) 1640 is permitted to pass; a pair of PUMs (i.e. comprising a 
dual-VLD PUA) 1655A and 1655B mounted on optical bench 1649 on opposite sides of the IFD 
module, for producing a PLIB within the FOV; and an optical assembly 1656 configured with 
each PLIM, including a rotating multi-faceted cylindrical lens array structure 1657 mounted 
before a cylindrical lens array 1658, to produce a despeckling mechanism that operates in 
accordance with the first generalized method of speckle-pattern noise reduction illustrated in 
Figs. 1I12A through 1I12B. As shown in Fig. 45D, the field of view of the IFD module spatially- 
overlaps and is coextensive (i.e. coplanar) with the PLIBs that are generated by the PLIMs 
1655A and 1655B employed therein 
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In Fig. 46A, there is shown a seventh illustrative embodiment of the PLIIM-based hand- 
supportable imager of the present invention. As shown, the PLIIM-based imager 1660 
comprises: a hand-supportable housing 1661; a PLIIM-based image capture and processing 
engine 1662 contained therein, for projecting a planar laser Ulumination beam (PLIB) 1663 
through its imaging window 1664 in coplanar relationship with the field of view (FOV) 1665 of 
the linear image detection array 1666 employed in the engine; a LCD display panel 1667 
mounted on the upper top surface 1668 of the housing in an integrated manner, for displaying, 
in a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions; a 
data entry keypad 1669 mounted on the middle top surface 1670 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such information- 
based transactions; and an embedded-type computer and interface board 1671, contained 
within the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 1672 with a digital communication network 1673, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 46B, the PLIIM-based image capture and processing engine 1662 
comprises: an optical-bench/multi-layer PC board 1674, contained between the upper and 
lower portions of the engine housing 1675A and 1675B; an IFD (i.e. camera) subsystem 1676 
mounted on the optical bench, and including 1-D CCD image detection array 1666 having 
vertically-elongated image detection elements 1677 and being contained within a light-box 1678 
provided with image formation optics 1679, through which light collected from the muminated 
object along field of view (FOV) 1665 is permitted to pass; a pair of PLIMs (i.e. comprising a 
dual-VLDPLIA) 1680A and 1680B mounted on optical bench 1674 on opposite sides of the IFD 
module 1676, for producing PUB 1663 within the FOV 1665; and an optical assembly 1681 
configured with each PLIM, including a high-speed temporal intensity modulation panel 1682 
mounted before a cylindrical lens array 1683, to produce a despeckling mechanism that 
operates in accordance with the second generalized method of speckle-pattern noise reduction 
illustrated in Figs. 1I14A through 1I14B. As shown in Fig. 46D, the field of view of the IFD 
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module 1678 spatially-overlaps and is coextensive (i.e. coplanar) with the PLIBs that are 
generated by the PLIMs 1680A and 1680B employed therein. 

Notably, the PUIM-based imager 1660 may be modified to include the use of visible 
mode locked laser diodes (MLLDs), in lieu of temporal intensity modulation 1682, so to 
produce a PLIB comprising an optical pulse train with ultra-short optical pulses repeated at a 
high rate, having numerous high-frequency spectral components which reduce the RMS power 
of speckle-noise patterns observed at the image detection array of the PLIIM-based system, as 
described in detail hereinabove. 
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In Fig. 47A, there is shown a eighth illustrative embodiment of the PLIIM-based hand- 
supportable imager 1690 of the present invention. As shown, the PUIM-based imager 1690 
comprises: a hand-supportable housing 1691; a PUIM-based image capture and processing 
engine 1692 contained therein, for projecting a planar laser illumination beam (PLIB) 1693 
through its imaging window 1694 in coplanar relationship with the field of view (FOV) 1695 of 
the linear image detection array 1696 employed in the engine; a LCD display panel 1697 
mounted on the upper top surface 1698 of the housing in an integrated manner, for displaying, 
in a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions; a 
data entry keypad 1699 mounted on the middle top surface 1700 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such information- 
based transactions; and an embedded-type computer and interface board 1701, contained 
within the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 1702 with a digital communication network 1703, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 47B, the PUIM-based image capture and processing engine 1692 
comprises: an optical-bench/multi-layer PC board 1704, contained between the upper and 
Wer portions of the engine housing 1705A and 1705B; an IFD (i.e. camera) subsystem 1706 
mounted on the optical bench, and including 1-D CCD image detection array 1696 having 
vertically-elongated image detection elements 1707 and being contained within a light-box 1708 
provided with image formation optics 1709, through which light collected from the illuminated 
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object along field of view (FOV) 1695 is permitted to pass; a pair of PLIMs (i.e. comprising a 
dual-VLD PLIA) 1710A and 1710B mounted on optical bench 1706 on opposite sides of the IFD 
module 1706, for producing a PLIB 1693 within the FOV 1695; and an optical assembly 1711 
configured with each PLIM, including an optically-reflective temporal phase modulating cavity 
(etalon) 1712 mounted to the outside of each VLD before a cylindrical lens array 1713, to 
produce a despeckling mechanism that operates in accordance with the third generalized 
method of speckle-pattern noise reduction illustrated in Figs. 1I17A through 1I17B. 



Ninth Illustrative Embodiment Of The PLTTM-R q sed Hand-Suppo rtable Linpar Im, r nf 

ArrnrHanrp WifK TVio Vr\^^U 



Accordance With The Fourth General Mp» h od Of Sp prHp. Pa tt er n Mni^ R ^w ^ 
Illustrated In Figs. 1I19A And 1T1QR * se * ea " rnon 



In Fig. 48A, there is shown a ninth illustrative embodiment of the PLDM-based hand- 
supportable imager 1720 of the present invention. As shown, the PLHM-based imager 1720 
comprises: a hand-supportable housing 1721; a PLHM-based image capture and processing 
engine 1722 contained therein, for projecting a planar laser illumination beam (PUB) 1723 
through its imaging window 1724 in coplanar relationship with the field of view (FOV) 1725 of 
the linear image detection array 1726 employed in the engine; a LCD display panel 1727 
mounted on the upper top surface 1728 of the housing in an integrated manner, for displaying, 
in a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions; a 
data entry keypad 1729 mounted on the middle top surface 1730 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such information- 
based transactions; and an embedded-type computer and interface board 1731, contained 
within the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 1732 with a digital communication network 1733, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 48B, the PLIIM-based image capture and processing engine 1722 
comprises: an optical-bench/multi-layer PC board 1734, contained between the upper and 
lower portions of the engine housing 1735A and 1735B; an IFD (i.e. camera) subsystem 1736 
mounted on the optical bench, and including 1-D CCD image detection array 1726 having 
vertically-elongated image detection elements 1726A and being contained within a light-box 
1737A provided with image formation optics 1737B, through which light collected from the 
illuminated object along field of view (FOV) 1725 is permitted to pass; a pair of PLIMs (L 
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comprising a dual-VLD PUA) 1738A and 1738B mounted on optical bench 1734 on opposite 
sides of the IFD module 1736, for producing a PLIB 1723 within the FOV 1725; and an optical 
assembly configured with each PLIM, including a frequency mode hopping inducing circuit 
1739A, and a cylindrical lens array 1739B, to produce a despeckling mechanism that operates in 
accordance with the fourth generalized method of speckle-pattern noise reduction illustrated in 
Figs. 1I19A through 1I19B. 
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In Fig. 49A, there is shown a tenth illustrative embodiment of the PLHM-based hand- 
supportable imager of the present invention. As shown, the PLHM-based imager 1740 
compnses: a hand-supportable housing 1741; a PLIIM-based image capture and processing 
engme 1742 contained therein, for projecting a planar laser iUumination beam (PLIB) 1743 
through its imaging window 1744 in coplanar relationship with the field of view (FOV) 1745 of 
the linear image detection array 1746 employed in the engine; a LCD display panel 1747 
mounted on the upper top surface 1748 of the housing in an integrated manner, for displaying 
m a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions- a 
data entry keypad 1749 mounted on the middle top surface of the housing 1750, for enabling the 
Kiser to manually enter data into the imager required during the course of such information- 
■ased transactions; and an embedded-type computer and interface board 1751, contained 
»ttun the housing, for carrying out image processing operations such as, for example, bar code 
;ymbol decoding operations, signature image processing operations, optical character 
ecognmon (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 1752 with a digital communication network 1753, such as a 
A M or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like 

As shown in Fig. 49B, the PUIM-based image capture and processing engine 1742 
lomprises: an optical-bench/multi-layer PC board 1754, contained between the upper and 
lower portions of the engine housing 1755A and 1755B; an IFD (i.e. camera) subsystem 1756 
counted on the optical bench, and including 1-D CCD image detection array 1746 having 
'erucally-elongated image detection elements 1757 and being contained within a light-box 1758 
•rovided with image formation optics 1759, through which light collected from the iUuminated 
object along field of view (FOV) 1745 is permitted to pass; a pair of PUMs 1760A and 1760B (i e 
comprising a dual-VLD PUA) mounted on optical bench 1756 on opposite sides of the IFD 
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module, for producing a PLIB 1743 within .he FOV 1745; and an optical assembly 1761 
conSgured with each PUM, including a spatial intensity modulation panel 1762 mounted 
More a cylindrical lens array 1763, to produce a despeckling mechanism that operates in 
accordance with the fifth generalized method of speckle-pattern noise reduction illustrated in 
Figs. 1121 A through 1I21B. 

Notably, spatial intensity modulation panel 1762 employed in optical assembly 1761 can 
be reahzed in various ways including, for example: reciprocating spatial intensity modulation 
arrays, m which electrically-passive spatial intensity modulation arrays or screens are 
reciprocated relative to each other at a high frequency; an electro-optical spatial intensity 
modulation panel having electrically addressable, vertically-extending pixels which are 
switched between transparent and opaque states at rates which exceed the inverse of the photo- 
integration time period of the image detection array employed in the PLHM-based system- etc 



1I23A And 1I23B 

In Fig. 50A, there is shown an eleventh illustrative embodiment of the PLHM-based 
hand-supportable imager of the present invention. As shown, the PLHM-based imager 1770 
comprises: a hand-supportable housing 1771; a PLHM-based image capture and processing 
engine 1772 contained therein, for projecting a planar laser illumination beam (PLIB) 1773 
through its imaging window 1774 in coplanar relationship with the field of view (FOV) 1775 of 
the linear image detection array 1776 employed in the engine; a LCD display panel 1777 
mounted on the upper top surface 1778 of the housing in an integrated manner, for displaying, 
m a real-time manner, captured images, data being entered into the system, and graphical user 
uiterfaces (GUIs) required in the support of various types of information-based transactions- a 
data entry keypad 1779 mounted on the middle top surface 1780 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such information- 
based transactions; and an embedded-type computer and interface board 1781, contained 
within the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 1782 with a digital communication network 1783, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like 

As shown in Fig. SOB, the PLHM-based image capture and processing engine 1772 
comprises: an optical-bench/multi-layer PC board 1784, contained between the upper and 
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lower portions of the engine housing 1785A and 1785B; an IFD (i.e. camera) subsystem 1786 
mounted on the optical bench, and including 1-D CCD image detection array 1776 having 
vertically-elongated image detection elements 1787 and being contained within a light-box 1788 
provided with image formation optics 1789, through which light collected from the Uluminated 
object along field of view (FOV) 1775 is permitted to pass; a pair of PUMs 1790A and 1790B (Le 
comprising a dual-VLD PLIA) mounted on optical bench 1784 on opposite sides of the IFD 
module, for producing a PUB within the FOV; and an optical assembly 1791 configured with 
each PUM, including a spatial intensity modulation aperture 1792 mounted before the entrance 
pupil 1793 of the IFD module 1786, to produce a despeckling mechanism that operates in 
accordance with the sixth generalized method of speckle-pattern noise reduction illustrated in 
Figs. 1I23A through 1I23B. 
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In Fig. 51A, there is shown an twelfth illustrative embodiment of the PLIIM-based hand- 
supportable imager of the present invention. As shown, the PLIIM-based imager 1800 
comprises: a hand-supportable housing 1801; a PLHM-based image capture and processing 
engme 1802 contained therein, for projecting a planar laser illumination beam (PLIB) 1803 
through its imaging window 1804 in coplanar relationship with the field of view (FOV) 1805 of 
the linear image detection array 1806 employed in the engine; a LCD display panel 1807 
mounted on the upper top surface 1808 of the housing in an integrated manner, for displaying, 
m a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions- a 
data entry keypad 1809 mounted on the middle top surface 1810 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such information- 
lased transactions; and an embedded-type computer and interface board 1811, contained 
ithin the housing, for carrying out image processing operations such as, for example, bar code 
ymbol decoding operations, signature image processing operations, optical character 
ecognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
- J data communication interface 1812 with a digital communication network 1813 , such as a 
or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 
As shown in Fig. 51B, the PLIIM-based image capture and processing engine 1802 
ompnses: an optical-bench/multi-layer PC board 1813, contained between the upper and 
ower portions of the engine housing 1814A and 1814B; an IFD (i.e. camera) subsystem 1815 
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mounted on the optical bench, and including 1 n rrn • 

dual-VLD PLIA. isiqa 3 „j io 10d F P PLIMs < Le - comprising a 

udi vLL/ruA) 1819A and 1819B mounted on ODtkal hpn/4, ian 
L j i opncai oencn 1813 on opposite sides nf rtu> rcn 

|module, for producing a PLIB 1803 within the FOV i«K 

:onfigured with each PLIM faH,.H- 2 ' ° pHcal 3SSembl y 1820 

-or!! J£^^£Z2 aPCrtUre 1821 ^ 

Uustrated in Fig. 1125. specwe-pattern noise reduction 




In Fig. 52A, there is shown a first ^ustrative embo<iimei tf of the PUIM b a< ^ k a 

hffK nf a • P W rela «^Wp with the field of view (FOV) 

i a real to. m . ° USm8 " i, " e 8 rated ma ™^- displayins, 

ecoenition^orpf ! 86 °P era «<>ns, optical character 

ecogmuon (OCR) operations, and the like in a hioh 

ioeed data mmm * • ' ma ^-speed manner, as well as enabling a hieh- 

>peea data commumcation interface 1S4? witu ~ a- -± i 6 ™ 

^AN or WAN suooorW 7 I ^ COmmunicatio n network 1843, such as a 

A , SUPP ° rt,n8 3 netWOrkm S protocol such as TCP/IP, Appletalk or the like 
As shown in Fig. 52B the PLITM h ac ^ • 

g * U area-type CCD image detection array 1836 
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conned wnhin a light-box ,847 provided with image formation opHcs m 
Ugh, coUected from the iUuminated object along 3-D field of view (FOV, ,835 i s permitted ,„ 
pass; a pair of PUMs ,849A and ,849B (i.e. comprising a duai-VLD PUA, „J on optical 
b»d, 1844 on opposite sides of the IFD module 1846, for producing a PUB within J 3-D 
FOV^a parr of cylindrical .ens arrays 1850A and .850B configured with PUMs 1849A and 
8498^^;, pair of beam sweeping mirrors 1851A a™. ,85,B for sweeping the pUnar 
laser ,lh_n beams .833. from cylindrica. tens arrays -850A and ,8506, respJvely 
across the 3-D FOV ,835; and an optica, assemb.y ,852 including a tempora, intend 
Uodulauon pane, ,853 mounted before the entrance pupU ,854 of fhe IFD module, so as l 
■roduce . despeddmg mechanism ma, grates in accordance wifh the seven* generafized 
rcthod of speckle-pattern noise reduction illustrated in Hgs. 1124 through 1I24C. 
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In general, there are a various types of system control architectures (i.e. schemes) that 
" n ^ "I" " COnjUnCti ° n 0f * e hand-supportable PUIM-based area-type imagers 

>hown m Fxgs. 52A through 52B and 54A through 1I64B, and described throughout! preL 
^hcahon. Also, there are three principally different types of image forming optics schemes 
hat can be used to construct each such PUIM-based area image, T*us, it is possible to classify 
.and-supportable PLDM-based area imagers into least fifteen different system design categoZ 
based on such criterion. Below, these system design categories will be briefly delibed with 
reference to Figs. 53A1 through 53C5. m 

Sa^ ^^S^aM^ A '" T T"1 QXIb r 



to Fig. 53A1, fere is shown a manuafly-acdvated version of a PUIM-based area-type 
tmager ,860 as ablated, for exampte, in Figs. 52A through 52B and 54A through 6„ ^ 

a^TtpTuf ? A1 ; T Plmi " based area taaser 1860 , -» d ~ a >~ 

array (PUA) 6, mduding a se, o, VLDdriver circuits ,8, PUMs „, an integrated despedding 
mecharusm ,861 with a stationary cylindrica, ,ens array ,862; an area-type Jage formal 
etecfion (IFD, module ,863 having an area-type image detection array ,864 ^ ,1 
engOt/fixed focal distance image formation optics ,865 for providing a fixed 3-D field of view 
(POV), an unage frame grabber 1866, and an image dafa buffer ,867; a pair o, beam sweepine 
mechamsms ,868A and ,8688 for sweeping the planar .aser iHundnafio bean. ,869 „7Z 
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7 T ™ TOV; " image Pr0CeS " n8 COm ' Ute ' ™* ' «— con,™, 

omputer .871; a LCD panel 1872 and a display pane, driver 1873; a touch-fype or manuany- 

Wed date entry pad .874 and a Keypad driver ,875; and a manuaUy-actuated trigger sw il 
1876 for manuany activating the p.anar tor ulumination arrays, the area-fype image formation 
and de.ec.on (IFT, module, and fte image proving co m pu,er ,870, vTthe camera con^u 
computer 1871, upon manual activation of the trigger switch ,876. Thereafter, the system 
control program carried out within the camera control computer 187, enables; (1, the automatic 
capture of digital images of objects (i.e. bearing bar code symbols and otter graphical indicia, 
•hroug the fixed focal .engft/fixed foca. distence image formation opdcTL J£ 
wtthm the area imager; (2, decode^rorsssing of the bar code symbol represented therein; (3, 
generahng symbol character data representative of the decoded bar code symbo,; (4) buffering 
bf the symbo, character dafa within the hand-supportab.e housing or ^ ^ £ 

fcos, computer system; and thereafter (5) automatical* deactivating the subsystem component 
pescnbed above. When using a manuaUy-acfuated trigger switch 1876 having a singLtage 
bperauon, manually depressing the switch 1876 with a singfe puU-action win thereafter ft*,* 
.e above sequence of operations with no further input required by the user -~~ 

h an alterna,i - embodiment of fte system design shown in Fig, 53A1, manually, 
.ctuated fngger switch 1876 would be rep!aced wift a dual-position switeh 1876' having a dul 
>ositions (or stages of operadon) so as to further embody fte functionalities of both switeh 1876 
;hown m Ftg. 53A1 and transmission activation switch 1899 shown in Fig. 53A2 Also the 
ystem would be further provided wift a date transfer mechanism 1898 a S shown in Fig 53A2 
for example, so that ,, embodies the symbo. character data transmission hmcdons described in 
greater detail in copending US Application Nos. 08/89M20, filed My 9, 1997. and 09/513,60, 
Jed February 25, 2000, each said appiication being incorporated herein by reference in its 
-tirety. ht such an alternative embodiment, when the user pulls fte duaNposition switeh 1876" 
o ite firs, position, fte camera control computer 187, will automatically activate fte foUowmg 
xtmponents; fte planar laser Olumination array 6 (driven by VLD driver circuits 18) fte arZ 
ype .mage formation and detection (IFD) modu,e 1844, and fte image pro^ssftg 'computer 
870 so fta, (.) dtgtteJ images o, objects (i.e. bearing bar code symbofe and ofter graphical 
nftcta) are automatical and repeatedly captured, (2) bar code symbols represented ftendn 
e repeatedly decoded, and (3) symbol character date representative of each decoded bar code 
;ymbo. is automatically generated in a cydica, manner (i.e. after each reading of each instance 
>f the bar code symbol) and buffered in the data transmission mechanism 1260. Then when fte 
~ furfter depresses fte dual-position switch to its second position (i.e. complete depression 
■r activation,, fte camera control computer 1235 enables fte date transmission mechanism 1898 
o transmit character date from fte imager processing compute, 1870 to , host computer system 



-373- 



10 



m 

=5 

SI s? 



2bi 



m 



25 



30 



35 



Attorney Case H 




)27USA000 



in response to the manual activation of the dual-position switch 1876' to its second position at 
about the same time as when a bar code symbol is automatically decoded and symbol character 
data representative thereof is automatically generated by the image processing computer 1870 
and buffered in data transmission switch 1898. This dual-stage switching mechanism provides 
the user with an additional degree of control when trying to accurately read a bar code symbol 
from a bar code menu, on which two or more bar code symbols reside on a single line of a bar 
code menu, and width of the FOV of the hand-held imager spatially extends over these bar code 
symbols, making bar code selection challenging if not difficult. 

In Fig. 53A2, there is shown an automatically-activated version of the PUIM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53A2, the PUIM-based area imager 1880 comprises: planar laser illumination array (PLIA) 
6 including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling mechanism 
mi having a stationary cylindrical lens array 1862; an area-type image formation and detection 
(IFD) module 1883 having an area-type image detection array 1884 and fixed focal length/fixed 
focal distance image formation optics 1885 for providing a fixed 3-D field of view (FOV) an 
image frame grabber 1886, and an image data buffer 1887; a pair of beam sweeping mechanisms 
1888A and 1888B for sweeping the planar laser iUumination beam 1889 produced from the PLIA 
across the 3-D FOV; an image processing computer 1890; a camera control computer 1891- a 
LCD panel 1892 and a display panel driver 1893; a touch-type or manually-keyed data entry 
pad 1894 and a keypad driver 1895; an IR-based object detection subsystem 1896 within its 
hand-supportable housing for automatically activating in response to the detection of an object 
m its IR-based object detection field 1897, the planar laser illumination array (driven by the VLD 
dnver circuits), the area-type image formation and detection (IFD) module, as well as the image 
processus computer, via the camera control computer, so that (1) digital images of objects (i e 
bearing bar code symbols and other graphical indicia) are automatically captured, (2) bar code 
symbols represented therein are decoded, and (3) symbol character data representative of the 
decoded bar code symbol are automatically generated; and data transmission mechanism 1898 
and a manuaUy-activatable data transmission switch 1899 for enabling the transmission of 
symbol character data from the imager processing computer to a host computer system, via the 
data transmission mechanism 1998 in response to the manual activation of the data 
^mission switch 1899 at about the same time as when a bar code symbol is automatically 
decoded and symbol character data representative thereof is automatically generated by the 
image processing computer. This manually-activated symbol character data transmission 
scheme is described in greater detail in copending US Application Nos. 08/890320, filed July 9 
1997, and 09/513,601, filed February 25, 2000, each said application being incorporated herein 
by reference in its entirety. 
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In Fig. 53A3, there is shown an automatically-activated version of the PLDM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
F lg . 53A3, the PLHM-based area imager 2000 comprises: planar laser Ulumination array (PLIA) 
including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling mechanism 
mi havmg a stationary cylindrical lens array 1862; an area-type image formation and detection 
m ° dUle 2001 h3Vin S an te-ge Section array 2002 and fixed focal length/fixed 

focal distance image formation optics 2003 for providing a fixed 3-D field of view (FOV) an 
image frame : grabber 2004, and an image data buffer 2005; a pair of beam sweeping mechanisms 
2006A and 2006B for sweeping the planar laser ulumination beam (PUB) 2007 produced from 
*1 PUA across the 3-D FOV; an image processing computer 2008; a camera control computer 
2009; a LCD panel 2010 and a display panel driver 2011; a touch-type or manually-keyed data 
entry pad 2012 and a keypad driver 2013; a laser-based object detection subsystem 2014 
embodied within the camera control computer for automatically activating the planar laser 
Ulummation arrays into a full-power mode of operation, the area-type image formation and 
detection (IFD) module, and the image processing computer, via the camera control computer 
m response to the automatic detection of an object in its laser.based.obje^^detection field 2015 
so that (1) digital images of objects (i.e. bearing bar code symbols and other graphical indicia)' 
are automatically captured, (2) bar code symbols represented therein are decoded, and (3) 
symbol character data representative of the decoded bar code symbol are automatically 
generated; and , data transmission mechanism 2016 and a manually-activatable data 
transmission switch 2017 for enabling the transmission of symbol character data from the 
onager processing computer to a host computer system, via the data transmission mechanism 
2016 in response to the manual activation of the data transmission switch 2017 at about the 
Isame time as when a bar code symbol is automatically decoded and symbol character data 
epresentative thereof is automatically generated by the image processing computer. TWs 
-ually-activated symbol character data transmission scheme is described in greater detail in 
opending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25 
000, each said application being incorporated herein by reference in its entirety. 

In the illustrative embodiment of Fig. 40A3, the PLIIM-based system has an object 
etection mode, a bar code detection mode, and a bar code reading mode of operation as 
ught in copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513 601 filed 
ebruary 25, 2000, supra. During the object detection mode of operation of the system the 
amera control computer 2009 transmits a control signal to the VLD drive circuitry 11 
optionally via the PUA microcontroller), causing each PLIM to generate a pulsed-type planar' 
aser illumination beam (PLIB) consisting of planar laser Ught pulses having a very low duty 
de (e.g. as low as 0.1 %) and high repetition frequency (e.g. greater than 1 kHZ), so as to 
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ar code detection) mode of system operation. The visibly blinking PUB^-i w ^ • 

Wgh.m^envu.nL, "** °' ^ ^ ^ ta 

In Eg. S3A4, there is shown an automatically-activated version of the PLUM h ™. 
■mager as iUustrated, for example, in Rg , 52A J^, HB ^ ™ 
Fie 53A4 th* pt m/f k j tnrough 64B. As shown in 

Fig.53A4,thePLIIM-based area unager 2020 comprises: planar laser Nomination array fPLIA. 
6, mcludmg a set of VLD driver circuits 1 8 PT TMc 1 n "nunanon array (PLU) 

having a stataary cyUndrfcaZ J % ™ " ~*— 
(IFD) module 2021 7 ' area "' 5,>e fonMli °'< ««" **ction 

BFD) module 2021 havmg an area-type image detection amy 2022 and fixed focal fen.th/fi Z 

focal d.ta.e image formation opucs 2023 fcr providing a fixed 3-D « 

■!U26A and 2026B for sweepmg the planar laser illumination beam Hum »m TT^ 
the PL1A across the 3 n mv. . ■ "nunauon beam (PUB) 2027 produced from 

2029- a LcTpltl T 7^ Pr0CeSSta8 ** ' «" » «"*«• «f— 

enj pa^Tnd ^ d, ^ 203I; 3 « —Uy-heyed dam 

37 w to l h - 2033; " driVCT ** ««*» subsystem 

2034 wtUun .ts hand-supportable housing for automatically activating th. „l . 

array . <driven by VXO driver circuits,, the a^t^ 
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detecfion (D=D) module, and a* taage processtag ^ 

field enabled by the area image sensor within the IFD module 2021, so tha, („ <UgL imager 

Tl d I T code symbob and olhet todida » - Xd 

(2) bar code symbob represented ^ are decodcd ^ J " * 

represent of the decoded bar code sytnbo, are automatically generated- Z d* 
na_n mechanism 2035 and a manual.y-acnvatable da, translion J^ L Z 

« .rr/r via *• da,a ' ^ans,nissio^, »* ta «» 

21 T ** SWil * 2036 * about »» — Hme as when a bar code 

ymbol ,s aufomatfoaUy decoded and symbol character data representative thereon 
automabcally generated by the image processing compu , er m$ ~' 

inos. 08/890,320, hied July 9, 1997, and 09/Sn*m fii^ r u ^ 

,. . ; ' " U1Q v*/oia,Wl, filed February 25, 2000 each saiH 

apphcabon being incorporated herein by reference in its entirety. Notably ta soto 
app rcabon, Ore passfve-mode ob^on detecfion subsystem 2034 employed in « TsyZ 
ought rerpnre (i) using a differCTt systenl of optic$ for J 

dunng the ob,ec, defection mode of Ore system, or (ii, modifying the Ugh, collet 
* «* ** conecdon system ,o permit increased .evTof embiL £££ 
onto fte CCD image detecbon array 2022 in me IFD m„du,e (,e. subset ^ 
pphcabons, the pr„v,s.on of image in,ensific a Hon optics on me surface of me CCD urZ 
efcchon array should be sufficient to form images o, sufficient brightness to perform obj^ 
detechon and/or bar code detection operations. 

In Fig. 53A5, there is shown an automatical.y-activa.ed version of the PUIM-based area 

.g. 53A5, the PUIM-based nnear unager 2040 comprise* planar lasar illuminadon array (PLIA) 
.^cludmg a se, 0 f VXD driver circuits ,8, PUMs ,1, an integrated deapecWing JLZ 

Z, m7. a "~ ™ y 1862; " — ** ^ f °™*«> ™> -fefccdon 

IFD) module 2041 havmg an area-type image detection array 2042 ar.d fixed focal length/fixed 
focal dtstance image formation optics 2043 for providing a fixed 3-D field of view (TW) an 

M6A and 2046B for sweepmg me p. a „ar laser ifiumination beam (PLIB) 2047 produced from 

nao F0V; M ^ C ° m P" fer 2M * a — confi.1 compu^ 

«9; a LCD pane. 2050 an d a display pane, driver 2051; a touch-type or manuafiy^t 

« ™ NP- driver 2053; an automatic bar code symbol detection £Z 
f)54 wtmm , b har^-supportable housing for aufomafically acfivafing image processing 
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computer for decode-processing upon automatic detection of a bar code symbol within its bar 
code symbol detection field 2055 by the area image sensor within the IFD module 2041 so that 
(1) digital images of objects (i.e. bearing bar code symbols and other graphical indicia) are 
automatically captured, (2) bar code symbols represented therein are decoded, and (3) symbol 
character data representative of the decoded bar code symbol are automatically generated; and 
data transmission mechanism 2056 and a manually-activatable data transmission switch 2057 
for enabling the transmission of symbol character data from the imager processing computer to 
a host computer system, via the data transmission mechanism 2056, in response to the manual 
activation of the data transmission switch 2057 at about the same time as when a bar code 
symbol is automatically decoded and symbol character data representative thereof is 
automatically generated by the image processing computer. This manually-activated symbol 
character data transmission scheme is described in greater detail in copending US Application 
Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 2000, each said 
application being incorporated herein by reference in its entirety. 



System Control Architectures For PLIIM-BaseH H and-Supp nrtahlp Area Imaore Of Th* iWS 

r! e ?r° i mp L ^ ■ ? Area : Tvpe Tmare Fonnation And " ptprtiQn M^dSi u-T—SS 

Focal Length/Vanable Foca l Distance Image Formation Op H^ 6 ~ 



In Fig. 53B1, there is shown a manually-activated version of the PUIM-based area 
imager as illustrated, for example, in Figs. Figs. 52A through 52B and 54A through 64B. As 
shown in Fig. 53B1, the PLIM-based linear imager 2060 comprises: planar laser illumination 
array (PUA) 6, including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling 
mechanism 1861 having a stationary cylindrical lens array 1862; an area-type image formation 
and detection (IFD) module 2061 having an area-type image detection array 2062 and fixed focal 
length/variable focal distance image formation optics 2063 for providing a fixed 3-D field of 
view (FOV), an image frame grabber 2064, and an image data buffer 2065; a pair of beam 
sweeping mechanisms 2066A and 2066B for sweeping the planar laser illumination beam (PUB) 
2067 produced from the PUA across the 3-D FOV; an image processing computer 2068; a 
camera control computer 2069; a LCD panel 2070 and a display panel driver 2071; a touch-type 
or manually-keyed data entry pad 2072 and a keypad driver 2073; and a manually-actuated 
trigger switch 2074 for manually activating the planar laser Ulumination arrays, the area-type 
image formation and detection (IFD) module, the image frame grabber, the image data buffer, 
and the image processing computer, via the camera control computer, upon manual activation 
of the trigger switch 2074. Thereafter, the system control program carried out within the 
camera control computer 2069 enables: (1) the automatic capture of digital images of objects (Le. 
bearing bar code symbols and other graphical indicia) through the fixed focal length/fixed focal 
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distance image formation optics 2063 provided within the area imager; (2) decode-processing 
the bar code symbol represented therein; (3) generating symbol character data representative of 
the decoded bar code symbol; (4) buffering the symbol character data within the hand- 
supportable housing or transmitting the same to a host computer system; and (5) thereafter 
automatically deactivating the subsystem components described above. When using a 
manually-actuated trigger switch 2074 having a single-stage operation, manually depressing the 
switch 2074 with a single pull-action will thereafter initiate the above sequence of operations 
with no further input required by the user. 

In an alternative embodiment of the system design shown in Fig. 53B1, manually- 
actuated trigger switch 2074 would be replaced with a dual-position switch 2074' having a dual- 
positions (or stages of operation) so as to further embody the functionalities of both switch 2074 
shown in Fig. 53B1 and transmission activation switch 2097 shown in Fig. 53A2. Also, the 
system would be further provided with a data transfer mechanism 2096 as shown in Fig. 53A2, 
for example, so that it embodies the symbol character data transmission functions described in 
greater detail in copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, 
filed February 25, 2000, each said application being incorporated herein by reference in ils 
entirety. In such an alternative embodiment, when the user pulls the dual-position switch 2074' 
to its first position, the camera control computer 2069 will automatically activate the following 
components: the planar laser illumination array 6 (driven by VLD driver circuits 18), the area- 
type image formation and detection (IFD) module 2062, and the image processing computer 
2068 so that (1) digital images of objects (i.e. bearing bar code symbols and other graphical 
indicia) are automatically and repeatedly captured, (2) bar code symbols represented therein 
are repeatedly decoded, and (3) symbol character data representative of each decoded bar code 
symbol is automatically generated in a cyclical manner (i.e. after each reading of each instance 
of the bar code symbol) and buffered in the data transmission mechanism 2096. Then, when the 
user further depresses the dual-position switch to its second position (i.e. complete depression 
or activation), the camera control computer 2069 enables the data transmission mechanism 2096 
to transmit character data from the imager processing computer 2068 to a host computer system 
in response to the manual activation of the dual-position switch 2074' to its second position at 
about the same time as when a bar code symbol is automatically decoded and symbol character 
data representative thereof is automatically generated by the image processing computer 2068 
and buffered in data transmission switch 2074'. This dual-stage switching mechanism provides 
the user with an additional degree of control when trying to accurately read a bar code symbol 
from a bar code menu, on which two or more bar code symbols reside on a single line of a bar 
code menu, and width of the FOV of the hand-held imager spatially extends over these bar code 
symbols, making bar code selection challenging if not difficult. 
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In Fig. 53B2, there is shown an automatically-activated version of the PLHM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53B2, the PLHM-based area imager 2080 comprises: planar laser illumination array (PLIA) 
6, including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling mechanism 
1861 having a stationary cylindrical lens array 1862; an area-type image formation and detection 
(IFD) module 2081 having an area-type image detection array 2082 and fixed focal 
length/variable focal distance image formation optics 2083 for providing a fixed 3-D field of 
view (FOV), an image frame grabber 2084 and an image data buffer 2085; a pair of beam 
sweeping mechanisms 2086A and 2086B for sweeping the planar laser mumination beam (PUB) 
2087 produced from the PLIA across the 3-D FOV; an image processing computer 2088; a 
camera control computer 2089; a LCD panel 2090 and a display panel driver 2091; a touch-type 
or manually-keyed data entry pad 2092 and a keypad driver 2093; an IR-based object detection 
subsystem 2094 within its hand-supportable housing for automatically activating upon 
detection of an object in its IR-based object detection field 2095, the planar laser illumination 
array (driven by VLD driver circuits), the area-type image formation and detection (IFD) 
module, as well as and the image processing computer, via the camera control computer, so that 
(1) digital images of objects (i.e. bearing bar code symbols and other graphical indicia) are 
automatically captured, (2) bar code symbols represented therein are decoded, and (3) symbol 
character data representative of the decoded bar code symbol are automatically generated; and 
data transmission mechanism 2096 and a manually-activatable data transmission switch 2097 
for enabling the transmission of symbol character data from the imager processing computer to 
a host computer system, via the data transmission mechanism 2096, in response to the manual 
activation of the data transmission switch 2097 at about the same time as when a bar code 
symbol is automatically decoded and symbol character data representative thereof is 
automatically generated by the image processing computer. This manually-activated symbol 
character data transmission scheme is described in greater detail in copending US Application 
Nos. 08/890,320, filed July 9, 1997> and 09/513,601, filed February 25, 2000, each said 
application being incorporated herein by reference in its entirety. 

In Fig. 53B3, there is shown an automatically-activated version of the PLHM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53B3, the PLHM-based linear imager comprises: planar laser illumination array (PLIA) 6, 
including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling mechanism 1861 
having a stationary cylindrical lens array 1862; an area-type image formation and detection 
(IFD) module 3001 having an area-type image detection array 3002 and fixed focal 
length/variable focal distance image formation optics 3003 providing a fixed 3-D field of view 
(FOV, an image frame grabber 3004, and an image data buffer 3005; a pair of beam sweeping 
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mechanisms 3006A and 3006B for sweeping the planar laser illumination beam (PUB) 3007 
produced from the PLIA across the 3-D FOV; an image processing computer 3008; a camera 
control computer 3009; a LCD panel 3010 and a display panel driver 3011; a touch-type or 
manually-keyed data entry pad 3012 and a keypad driver 3013; a laser-based object detection 
subsystem 3013 within its hand-supportable housing for automatically activating the planar 
laser illumination arrays into a full-power mode of operation, the area-type image formation 
and detection (IFD) module, and the image processing computer, via the camera control 
computer, upon automatic detection of an object in its laser-based object detection field 3014, so 
that (1) digital images of objects (i.e. bearing bar code symbols and other graphical indicia) are 
automatically captured, (2) bar code symbols represented therein are decoded, and (3) symbol 
character data representative of the decoded bar code symbol are automatically generated; and 
data transmission mechanism 3015 and a manually-activa table data transmission switch 3016 
for enabling the transmission of symbol character data from the imager processing computer to 
a host computer system, via the data transmission mechanism 3015 in response to the manual 
activation of the data transmission switch 3016 at about the same time as when a bar code 
symbol is automatically decoded and symbol character data representative thereof is 
automatically generated by the image processing computer. This manually-activated symbol 
character data transmission scheme is described in greater detail in copending US Application 
Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 2000, each said 
application being incorporated herein by reference in its entirety. ~ . 

In the illustrative embodiment of Fig. 53B3, the PLHM-based system has an object 
detection mode, a bar code detection mode, and a bar code reading mode of operation, as 
taught in copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed 
February 25, 2000, supra. During the object detection mode of operation of the system, the 
camera control computer 3009 transmits a control signal to the VLD drive circuitry 11, 
(optionally via the PUA microcontroller), causing each PUM to generate a pulsed-type planar 
laser Ulumination beam (PUB) consisting of planar laser light pulses having a very low duty 
cycle (e.g. as low as 0.1 %) and high repetition frequency (e.g. greater than 1 kHZ), so as to 
function as a non-visible PLIB-based object sensing beam (and/or bar code detection beam, as 
the case may be). Then, when the camera control computer receives an activation signal from 
the laser-based object detection subsystem 3013 (i.e. indicative that an object has been detected 
by the non-visible PLIB-based object sensing beam), the system automatically advances to 
either: (i) its bar code detection state, where it increases the power level of the PLIB, collects 
image data and performs bar code detection operations, and therefrom, to its bar code symbol 
reading state, in which the output power of the PLIB is further increased, image data is 
collected and decode processed; or (ii) directly to its bar code symbol reading state, in which the 
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output power of the PLIB is increased, image data is collected and decode processed. A primary 
advantage of using a pulsed high-frequency/ low-duty-cycle PLIB as an object sensing beam is 
that it consumes minimal power yet enables image capture for automatic object and/or bar 
code detection purposes, without distracting the user by visibly blinking or flashing light beams 
which tend to detract from the user's experience. In yet alternative embodiments, however, it 
may be desirable to drive the VLD in each PLIM so that a visibly blinking PLIB-based object 
sensing beam (and /or bar code detection beam) is generated during the object detection (and 
bar code detection) mode of system operation. The visibly blinking PLIB-based object sensing 
beam will typically consist of planar laser light pulses having a moderate duty cycle (e.g. 25 %) 
and low repetition frequency (e.g. less than 30HZ). In this alternative embodiment of the 
present invention, the low frequency blinking nature of the PLIB-based object sensing beam 
(and /or bar code detection beam) would be rendered visually conspicuous, thereby facilitating 
alignment of the PLIB/FOV with the bar code symbol, or graphics being imaged in relatively 
bright imaging environments. 

In Fig. 53B4, there is shown an automatically-activated version of the PlUM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53B4, the PlUM-based area imager 3020 comprises: planar laser illumination array (PLIA) 
6, including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling mechanism 
1861 having a stationary cylindrical lens array 1862; an area-type image formation and detection 
(IFD) module 3021 having an area-type image detection array 3022 and fixed focal 
length/variable focal distance image formation optics 3023 for providing a fixed 3-D field of 
view (FOV), an image frame grabber 3024, and an image data buffer 3025; a pair of beam 
sweeping mechanisms 3026A and 3026B for sweeping the planar laser illumination beam (PLIB) 
3027 produced from the PLIA across the 3-D FOV; an image processing computer 3028; a 
camera control computer 3029; a LCD panel 3030 and a display panel driver 3031; a touch-type 
or manually-keyed data entry pad 3032 and a keypad driver 3033; an ambient-light driven 
object detection subsystem 3034 within its hand-supportable housing for automatically 
activating the planar laser illumination array (driven by VLD driver circuits), the area-type 
image formation and detection (IFD) module, and the image processing computer, via the 
camera control computer, in response to the automatic detection of an object via ambient-light 
detected by object detection field 3035 enabled by the area image sensor 3022 within the IFD 
module, so that (1) digital images of objects (i.e. bearing bar code symbols and other graphical 
indicia) are automatically captured, (2) bar code symbols represented therein are decoded, and 
(3) symbol character data representative of the decoded bar code symbol are automatically 
generated; and data transmission mechanism 3036 and a manually-activatable data 
transmission switch 3037 for enabling the transmission of symbol character data from the 
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imager processing computer to a host computer system, via the data transmission mechanism 
3036, in response to the manual activation of the data transmission switch 3037 at about the 
same time as when a bar code symbol is automatically decoded and symbol character data 
representative thereof is automatically generated by the image processing computer. This 
manually-activated symbol character data transmission scheme is described in greater detail in 
copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 
2000, each said application being incorporated herein by reference in its entirety. Notably, in 
some applications, the passive-mode objection detection subsystem 3034 employed in this 
system might require (i) using a different system of optics for collecting ambient light from 
objects during the object detection mode of the system, or (ii) modifying the light collection 
characteristics of the light collection system to permit increased levels of ambient light to be 
focused onto the CCD image detection array 3022 in the IFD module (i.e. subsystem). In other 
applications, the provision of image intensification optics on the surface of the CCD image 
detection array should be sufficient to form images of sufficient brightness to perform object 
detection and /or bar code detection operations. 

In Fig. 53B5, there is shown an automatically-activated version of the PUIM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53B5, the PUIM-based area imager 3040 comprises: planar laser illumination array (PLIA) 
6, including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling mechanism 
1861 having a stationary cylindrical lens array 1862; an area-type image formation and detection 
(IFD) module 3041 having an area-type image detection array 3042 and fixed focal 
length/variable focal distance image formation optics 3043 for providing a fixed 3-D field of 
view (FOV), an image frame grabber 3044, and an image data buffer 3045; a pair of beam 
sweeping mechanisms 3046A and 3046B for sweeping the planar laser illumination beam (PUB) 
3047 produced from the PLIA across the 3-D FOV; an image processing computer 3048; a 
camera control computer 3049; a LCD panel 3050 and a display panel driver 3051; a touch-type 
or manually-keyed data entry pad 3052 and a keypad driver 3053; an automatic bar code 
symbol detection subsystem 3054 within its hand-supportable housing for automatically 
activating the image processing computer for decode-processing upon automatic detection of a 
bar code symbol within its bar code symbol detection field 3055 by the linear image sensor 3042 
within the IFD module so that (1) digital images of objects (i.e. bearing bar code symbols and 
other graphical indicia) are automatically captured, (2) bar code symbols represented therein 
are decoded, and (3) symbol character data representative of the decoded bar code symbol are 
automatically generated; and data transmission mechanism 3056 and a manually-activatable 
data transmission switch 3057 for enabling the transmission of symbol character data from the 
imager processing computer to a host computer system, via the data transmission mechanism 
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3056, in response to the manual activation of the data transmission switch 3057 at about the 
same time as when a bar code symbol is automatically decoded and symbol character data 
representative thereof is automatically generated. This manually-activated symbol character 
data transmission scheme is described in greater detail in copending US Application Nos. 
08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 2000, each said application 
being incorporated herein by reference in its entirety. 

System Control Architectures For PLIIM-Based Hand-Supportable Linear Imagers Of The 
Present Invention Employing Linear-Type Image Formation And Detection (TFD) Mnd«l« 
Having Variable Focal Length/ Variable Focal Distance Image Formation Optics 

In Fig. 53C1, there is shown a manually-activated version of the PLIIM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53C1, the PLIIM-based area imager 3060 comprises: planar laser illumination array (PUA) 
6, including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling mechanism 
1861 having a stationary cylindrical lens array 1862; an area-type image formation and detection 
(IFD) module 3061 having an area-type image detection array 3062 and variable focal 
length/variable focal distance image formation optics 3063 for providing a variable 3-D field of 
view (FOV), an image frame grabber 3064, and an image data buffer 3065; a pair of beam 
sweeping mechanisms 3066A and 3066B for sweeping the planar laser illumination beam 
(PUB) 3067 produced from the PUA across the 3-D FOV; an image processing computer 3068; a 
camera control computer 3069; a LCD panel 3070 and a display panel driver 3071; a touch-type 
or manually-keyed data entry pad 3072 and a keypad driver 3073; and a manually-actuated 
trigger switch 3074 for manually activating the planar laser illumination arrays, the area-type 
image formation and detection (IFD) module, and the image processing computer, via the 
camera control computer, in response to the manual activation of the trigger switch 3074. 
Thereafter, the system control program carried out within the camera control computer 3069 
enables: (1) the automatic capture of digital images of objects (Le. bearing bar code symbols and 
other graphical indicia) through the fixed focal length/fixed focal distance : mage formation 
optics 3063 provided within the area imager; (2) decode-processing the bar code symbol 
represented therein; (3) generating symbol character data representative of the decoded bar 
code symbol; (4) buffering the symbol character data within the hand-supportable housing or 
transmitting the same to a host computer system; and (5) thereafter automatically deactivating 
the subsystem components described above. When using a manually-actuated trigger switch 
3074 having a single-stage operation, manually depressing the switch 3074 with a single pull- 
action will thereafter initiate the above sequence of operations with no further input required by 
the user. 
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In an alternative embodiment of the system design shown in Fig. 53C1, manually- 
actuated trigger switch 3074 would be replaced with a dual-position switch 3074' having a dual- 
positions (or stages of operation) so as to further embody the functionalities of both switch 3074' 
shown in Fig. 53C1 and transmission activation switch 3097 shown in Fig. 53C2. Also, the 
system would be further provided with a data transfer mechanism 3096 as shown in Fig. 53C2, 
for example, so that it embodies the symbol character data transmission functions described in 
greater detail in copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, 
filed February 25, 2000, each said application being incorporated herein by reference in its 
entirety. In such an alternative embodiment, when the user pulls the dual-position switch 3074' 
to its first position, the camera control computer 3069 will automatically activate the following 
components: the planar laser illumination array 6 (driven by VLD driver circuits 18), the linear- 
type image formation and detection (IFD) module 3062, and the image processing computer 
3068 so that (1) digital images of objects (i.e. bearing bar code symbols and other graphical 
indicia) are automatically and repeatedly captured, (2) bar code symbols represented therein 
are repeatedly decoded, and (3) symbol character data representative of each decoded bar code 
symbol is automatically generated in a cyclical manner (i.e. after each reading of each instance 
of the bar code symbol) and buffered in the data transmission mechanism 3096. Then, when the 
user further depresses the dual-position switch to its second position (i.e. complete depression 
or activation), the camera control computer 3069 enables the data transmission mechanism 3096 
to transmit character data from the imager processing computer 3068 to a host computer system 
in response to the manual activation of the dual-position switch 3074' to its second position at 
about the same time as when a bar code symbol is automatically decoded and symbol character 
data representative thereof is automatically generated by the image processing computer 3068 
and buffered in data transmission switch 3097. This dual-stage switching mechanism provides 
the user with an additional degree of control when trying to accurately read a bar code symbol 
from a bar code menu, on which two or more bar code symbols reside on a single line of a bar 
code menu, and width of the FOV of the hand-held imager spatially extends over these bar code 
symbols, making bar code selection challenging if not difficult. 

In Fig. 53C2, there is shown an automatically-activated version of the PLOM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53C2, the PLDM-based area imager 3080 comprises: planar laser illumination array (PLIA) 
6, including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling mechanism 
1861 having a stationary cylindrical lens array 1862; an area-type image formation and 
detection (IFD) module 3081 having an area-type image detection array 3082 and variable focal 
length/ variable focal distance image formation optics 3083 for providing a variable 3-D field of 
view (FOV), an image frame grabber 3084, and an image data buffer 3085; a pair of beam 
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sweeping mechanisms 3086A and 3086B for sweeping the planar laser illumination beam (PUB) 
3087 produced from the PLIA across the 3-D FOV; an image processing computer 3088; a 
camera control computer 3089; a LCD panel 3090 and a display panel driver 3091; a touch-type 
or manually-keyed data entry pad 3092 and a keypad driver 3093; an IR-based object detection 
subsystem 3094 within its hand-supportable housing for automatically activating upon 
detection of an object in its IR-based object detection field 3095, the planar laser illumination 
array (driven by VLD driver circuits), the area-type image formation and detection (IFD) 
module, as well as and the image processing computer, via the camera control computer, so that 
(1) digital images of objects (i.e. bearing bar code symbols and other graphical indicia) are 
automatically captured, (2) bar code symbols represented therein are decoded, and (3) symbol 
character data representative of the decoded bar code symbol are automatically generated; and 
data transmission mechanism 3096 and a manually-activatable data transmission switch 3097 
for enabling the transmission of symbol character data from the imager processing computer to 
a host computer system, via the data transmission mechanism 3096, in response to the manual 
activation of the data transmission switch 3097 at about the same time as when a bar code 
symbol is automatically decoded and symbol character data representative thereof is 
automatically generated. This manually-activated symbol character data transmission scheme is 
described in greater detail in copending US Application Nos. 08/890,320, filed July 9, 1997, and 
09/513,601, filed February 25, 2000, each said application being incorporated herein by 
reference in its entirety. 

In Fig. 53C3, there is shown an automatically-activated version of the PLHM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53C3, the PLHM-based area imager 4000 comprises: planar laser illumination array (PLIA) 
6, including a set of VLD driver circuits 18, PUMs 11, an integrated despeckling mechanism 
1861 having a stationary cylindrical lens array 1862; an area-type image formation and detection 
(IFD) module 4001 having an area-type image detection array 4002 and variable focal 
length/ variable focal distance image formation optics 4003 for providing a variable 3-D field of 
view (FOV), an image frame grabber 4004, and an image data buffer 4005; a pair of beam 
sweeping mechanisms 4006A and 4006B for sweeping the planar laser illumination beam 
(PUB) 4007 produced from the PLIA across the 3-D FOV; an image processing computer 4008; a 
camera control computer 4009; a LCD panel 4010 and a display panel driver 4011; a touch-type 
or manually-keyed data entry pad 4012 and a keypad driver 4013; a laser-based object detection 
subsystem 4014 within its hand-supportable housing for automatically activating the planar 
laser illumination arrays into a full-power mode of operation, the area-type image formation 
and detection (IFD) module, and the image processing computer, via the camera control 
computer, in response to the automatic detection of an object in its laser-based object detection 
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field 4015, so that (1) digital images of objects (i.e. bearing bar code symbols and other graphical 
indicia) are automatically captured, (2) bar code symbols represented therein are decoded, and 
(3) symbol character data representative of the decoded bar code symbol are automatically 
generated; and data transmission mechanism 4016 and a manually-activatable data 
transmission switch 4017 for enabling the transmission of symbol character data from the 
imager processing computer to a host computer system, via the data transmission mechanism 
4016, in response to the manual activation of the data transmission switch 4017 at about the 
same time as when a bar code symbol is automatically decoded and symbol character data 
representative thereof is automatically generated by the image processing computer. This 
manually-activated symbol character data transmission scheme is described in greater detail in 
copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 
2000, each said application being incorporated herein by reference in its entirety. 

In the illustrative embodiment of Fig. 53C3, the PLHM-based system has an object 
detection mode, a bar code detection mode, and a bar code reading mode of operation, as 
taught in copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed 
February 25, 2000, supra. During the object detection mode of operation of the system, the 
camera control computer 4009 transmits a control signal to the VLD drive circuitry 11, 
(optionally via the PUA microcontroller), causing each PUM to generate a pulsed-type planar 
laser illumination beam (PLIB) consisting of planar laser light pulses having a very low duty 
cycle (e.g. as low as 0.1 %) and high repetition frequency (e.g. greater than 1 kHZ),/so as to 
function as a non-visible PLIB-based object sensing beam (and/or bar code detection beam, as 
the case may be). Then, when the camera control computer receives an activation signal from 
the laser-based object detection subsystem 4014 (i.e. indicative that an object has been detected 
by the non-visible PLIB-based object sensing beam), the system automatically advances to 
either: (i) its bar code detection state, where it increases the power level of the PLIB, collects 
image data and performs bar code detection operations, and therefrom, to its bar code symbol 
reading state, in which the output power of the PLIB is further increased, image data is 
collected and decode processed; or (ii) directly to its bar code symbol reading state, in which the 
output power of the PUB is increased, image data is collected and decode processed. A primary 
advantage of using a pulsed high-frequency/low-duty-cycle PUB as an object sensing beam is 
that it consumes minimal power yet enables image capture for automatic object and/or bar 
code detection purposes, without distracting the user by visibly blinking or flashing light beams 
which tend to detract from the user's experience. In yet alternative embodiments, however, it 
may be desirable to drive the VLD in each PLIM so that a visibly blinking PLIB-based object 
sensing beam (and/or bar code detection beam) is generated during the object detection (and 
bar code detection) mode of system operation. The visibly blinking PLIB-based object sensing 
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beam will typically consist of planar laser light pulses having a moderate duty cycle (e.g. 25 °o) 
and low repetition frequency (e.g. less than 30HZ). In this alternative embodiment of the 
present invention, the low frequency blinking nature of the PUB-based object sensing beam 
(and /or bar code detection beam) would be rendered visually conspicuous, thereby facilitating 
alignment of the PLIB/FOV with the bar code symbol, or graphics being imaged in relatively 
bright imaging environments. 

In Fig. 53C4, there is shown an automatically-activated version of the PLHM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53C4, the PLHM-based area imager 4020 comprises: planar laser illumination array (PUA) 
6, including a set of VLD driver circuits 18, PUMs 11, an integrated despeckling mechanism 
1861 having a stationary cylindrical lens array 1862; an area-type image formation and detection 
(IFD) module 4021 having an area-type image detection array 4022 and variable focal 
length/variable focal distance image formation optics 4023 providing a variable 3-D field of 
view (FOV), an image frame grabber 4024, and an image data buffer 4025; a pair- of beam 
sweeping mechanisms 4026A and 4026B for sweeping the planar laser illumination beam (PUB) 
4027 produced from the PlIA across the 3-D FOV; an image processing computer 4028; a 
camera control computer 4029; a LCD panel 4030 and a display panel driver 4031; a touch-type 
or manually-keyed data entry pad 4032 and a keypad driver 4033; an ambient-light driven 
object detection subsystem 4034 within its hand-supportable housing for automatically 
activating the planar laser jUumination array (driven by VLD driver circuits), the area-type 
image formation and detection (IFD) module, and the image processing computer, via the 
camera control computer, in response to the automatic detection of an object via ambient-light 
detected by object detection field 4035 enabled by the area image sensor 4022 within the IFD 
module so that (1) digital images of objects (i.e. bearing bar code symbols and other graphical 
indicia) are automatically captured, (2) bar code symbols represented therein are decoded, and 
(3) symbol character data representative of the decoded bar code symbol are automatically 
generated; and data transmission mechanism 4036 and a manually-activatable data 
transmission switch 4037 for enabling the transmission of symbol character data from the 
imager processing computer to a host computer system, via the data transmission mechanism 
4036, in response to the manual activation of the data transmission switch 4037 at about the 
same time as when a bar code symbol is automatically decoded and symbol character data 
representative thereof is automatically generated by the image processing computer. This 
manually-activated symbol character data transmission scheme is described in greater detail in 
copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 
2000, each said application being incorporated herein by reference in its entirety. Notably, in 
some applications, the passive-mode objection detection subsystem 4034 employed in this 
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system might require (i) using a different system of optics for collecting ambient light from 
objects during the object detection mode of the system, or (ii) modifying the light collection 
characteristics of the light collection system to permit increased levels of ambient light to be 
focused onto the CCD image detection array 4022 in the IFD module (i.e. subsystem). In other 
applications, the provision of image intensification optics on the surface of the CCD image 
detection array should be sufficient to form images of sufficient brightness to perform object 
detection and /or bar code detection operations. 

| In Fig. 53C5, there is shown an automatically-activated version of the PUIM-based area 
imager as illustrated, for example, in Figs. 52A through 52B and 54A through 64B. As shown in 
Fig. 53C5, the PLHM-based area imager 4040 comprises: planar laser iUumination array (PLIA) 
6, including a set of VLD driver circuits 18, PLIMs 11, an integrated despeckling mechanism 
1861 having a stationary cylindrical lens array 1862; an area-type image formation and detection 
(IFD) module 4041 having an area-type image detection array 4042 and variable focal 
length/variable focal distance image formation optics 4043 for providing a variable 3-D field of 
view (FOV), an image frame grabber 4044, an image data buffer 4045; a pair of beam sweeping 
mechanisms 4046 A and 4046B for sweeping the planar laser illumination beam (PLIB) 4047 
produced from the PLIA across the 3-D FOV; an image processing computer 4048; a camera 
control computer 4049; a LCD panel 4050 and a display panel driver 4051; a touch-type or 
manually-keyed data entry pad 4052 and a keypad driver 4053; an automatic bar code symbol 
detection subsystem 4054 within its hand-supportable housing for automatically activating the 
image processing computer for decode-processing in response to the automatic detection of a 
bar code symbol within its bar code symbol detection field 4055 by the area image sensor 4042 
within the IFD module so that (1) digital images of objects (i.e. bearing bar code symbols and 
other graphical indicia) are automatically captured, (2) bar code symbols represented therein 
are decoded, and (3) symbol character data representative of the decoded bar code symbol are 
automatically generated; and a data transmission mechanism 4056 and a manually-activatable 
data transmission switch 4057 for enabling the transmission of symbol character data from the 
imager processing computer to a host computer system, via the data transmission mechanism 
4056, in response to the manual activation of the data transmission switch 4057 at about the 
same time as when a bar code symbol is automatically decoded and symbol character data 
representative thereof is automatically generated by the image processing computer. This 
manually-activated symbol character data transmission scheme is described in greater detail in 
copending US Application Nos. 08/890,320, filed July 9, 1997, and 09/513,601, filed February 25, 
2000, each said application being incorporated herein by reference in its entirety. 
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Second Illustrative Embodiment Of The PLIIM-Based Hand-Supportable Area Imager Of The 
Present Invention C omprising Integrated Speckle-Pattern Noise Subsystem Operated In 
Accordance With The First Generalized Method Of Speckle-Pattern Noise Reduction Illustrated 
In Figs. H12GAndlI12H 

In Fig. 54A, there is shown a second illustrative embodiment of the PLIIM-based hand- 
supportable area imager of the present invention. As shown, the PLIIM-based imager 4060 
comprises: a hand-supportable housing 4061; a PLIIM-based image capture and processing 
engine 4062 contained therein, for projecting a planar laser illumination beam (PLIB) 4063 
through its imaging window 4064 in coplanar relationship with the 3-D field of view (FOV) 
4065 of the area image detection array 4066 employed in the engine; a LCD display panel 4067 
mounted on the upper top surface 4068 of the housing in an integrated manner, for displaying, 
in a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions; a 
data entry keypad 4069 mounted on the middle top surface 4070 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such information- 
based transactions; and an embedded-type computer and interface board 4071, contained 
within the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 4072 with a digital communication network 4073, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 54B, the PLIIM-based image capture and processing engine 4062 
comprises: an optical-bench/multi-layer PC board 4075, contained between the upper and 
lower portions of the engine housing 4076A and 4076B; an IFD module (i.e. camera subsystem) 
4077 mounted on the optical bench, and including area CCD image detection array 4066 
contained within a light-box 4078 provided with image formation optics 4079, through which 
light collected from the illuminated object along the 3-D field of view (FOV) 4065 is permitted to 
pass; a pair of PUMs (i.e. comprising a dual-VLD PLIA) 4080A and 4080B mounted on optical 
bench 4075 on opposite sides of the IFD module, for producing PUB 4063 within the 3-D FOV 
4065; a pair of beam sweeping mechanisms 4081A and 4081B for sweeping the planar laser 
illumination beam (PUB) 4063 produced from the PLIA across the 3-D FOV; and an optical 
assembly configured with each PUM, including a micro-oscillating light reflective element 
4082 and a cylindrical lens array 4083 which provides a despeckling mechanism that operates in 
accordance with the first generalized method of speckle-pattern noise reduction illustrated in 
Figs. 1I5A through 1I5D. 
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InFigs.H12C And 1I12H 



In Fig. 55A, there is shown a third illustrative embodiment of the PLIIM-based hand- 
supportable area imager of the present invention. As shown, the PLUM-based imager 4090 
comprises: a hand-supportable housing 4091; a PLIIM-based image capture and processing 
engine 4092 contained therein, for projecting a planar laser illumination beam (PLIB) 4093 
through its imaging window 4094 in coplanar relationship with the 3-D field of view (FOV) 
4095 of the area image detection array 4096 employed in the engine; a LCD display panel 4097 
mounted on the upper top surface 4098 of the housing in an integrated manner, for displaying, 
in a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions; a 
data entry keypad 4099 mounted on the middle top surface 4100 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such information- 
based transactions; and an embedded-type computer and interface board 4101, contained 
within the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 4102 with a digital communication network 4103, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 55B, the PLIIM-based image capture and processing engine 4092 
comprises: an optical-bench/multi-layer PC board 4104, contained between the upper and 
lower portions of the engine housing 4105A and 4105B; an IFD (i.e. camera) subsystem 4106 
mounted on the optical bench, and including area CCD image detection array 4096 contained 
within a light-box 4107 provided with image formation optics 4108, through which light 
collected from the muminated object along 3-D field of view (FOV) 4095 is permitted to pass; a 
pair of PLIMs (i.e. single VLD PLIAs) 4109A and 4109B mounted on optical bench 4104 on 
opposite sides of the IFD module, for producing a PLIB within the 3-D FOV; a pair of beam 
sweeping mechanisms 4110A and 4110B for sweeping the planar laser illumination beam (PLIB) 
4093 produced from the PLIA across the 3-D FOV; and an optical assembly configured with 
each PLIM, including an acousto-electric Bragg cell structure 4111 and a cylindrical lens array 
4112, arranged above the PLIM in the named order, which provides a despeckling mechanism 
that operates in accordance with the first generalized method of speckle-pattern noise reduction 
illustrated in Figs. 1I6A and 1KB. 
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In Figs. 1I7A Through 1I17C 



In Fig. 56A, there is shown a fourth illustrative embodiment of the PUIM-based hand- 
supportable area imager of the present invention. As shown, the PLHM-based imager 4120 
comprises: a hand-supportable housing 4121; a PLHM-based image capture and processing 
engine 4122 contained therein, for projecting a planar laser illumination beam (PUB) 4123 
through its imaging window 4124 in coplanar relationship with the field of view (FOV) 4125 of 
the area image detection array 4126 employed in the engine; a LCD display panel 4127 mounted 
on the upper top surface 4128 of the housing in an integrated manner, for displaying, in a real- 
time manner, captured images, data being entered into the system, and graphical user interfaces 
(GUIs) required in the support of various types of information-based transactions; a data entry 
keypad 4129 mounted on the middle top surface of the housing 4130, for enabling the user to 
manually enter data into the imager required during the course of such information-based 
transactions; and an embedded-type computer and interface board 4131, contained within the 
housing, for carrying out image processing operations such as, for example, bar code symbol 
decoding operations, signature image processing operations, optical character recognition 
(OCR) operations, and the like, in a high-speed manner, as well as enabling a high-speed data 
communication interface 4132 with a digital communication network 4133, such as a LAN or 
WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 56B, the PLHM-based image capture and processing engine 4122 
comprises: an optical-bench/multi-layer PC board 4134, contained between the upper and 
lower portions of the engine housing 4135A and 4135B; an IFD (i.e. camera) subsystem 4136 
mounted on the optical bench, and including an area CCD image detection array 4126 contained 
within a light-box 4137 provided with image formation optics 4138, through which light 
collected from the Uluminated object along the 3-D field of view (FOV) 4125 is permitted to 
pass; a pair of PLIMs (i.e. comprising a dual VLD PLIA) 4139A and 4139B mounted on optical 
aench 4134 on opposite sides of the IFD module, for producing PUB 4123 within the 3-D FOV 
4125; a pair of beam sweeping mechanisms 4140A and 4140 for sweeping the planar laser 
illumination beam (PUB) 4123 produced from the PLIA across the 3-D FOV; and an optical 
assembly configured with each PLIM, including a high spatial-resolution piezo-electric driven 
deformable mirror (DM) structure 4141 and a cylindrical lens array 4142 mounted upon each 
PLIM in the named order, providing a despeckling mechanism that operates in accordance with 
the first generalized method of speckle-pattern noise reduction illustrated in Figs. 1I7A through 
1I7C 
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Present Invention Comprising Integrated Speckle-Pattern Noise Subsystem Operated In 



Accordance With The First Generalized Method Of Speckle-Pattern Noise Reduction Illustrated 



In Figs. 1I8F And 1I18G 



In Fig. 57 A, there is shown a fifth illustrative embodiment of the PLIIM-based hand- 
supportable area imager of the present invention. As shown, the PLIIM-based imager 4150 
comprises: a hand-supportable housing 4151; a PLIIM-based image capture and processing 
engine 4152 contained therein, for projecting a planar laser illumination beam (PLIB) 4153 
through its imaging window 4154 in coplanar relationship with the 3-D field of view (FOV) 
4154 of the area image detection array 4156 employed in the engine; a LCD display panel 4157 
mounted on the upper top surface 4158 of the housing in an integrated manner, for displaying, 
in a real-time manner, captured images, data being entered into the system, and graphical user 
interfaces (GUIs) required in the support of various types of information-based transactions; a 
data entry keypad 4159 mounted on the middle top surface 4160 of the housing, for enabling the 
user to manually enter data into the imager required during the course of such ir^nnation- 
based transactions; and an embedded-type computer and interface board 4161, contained 
within the housing, for carrying out image processing operations such as, for example, bar code 
symbol decoding operations, signature image processing operations, optical character 
recognition (OCR) operations, and the like, in a high-speed manner, as well as enabling a high- 
speed data communication interface 4162 with a digital communication network 4163, such as a 
LAN or WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 57B, the PLIIM-based image capture and processing engine 5152 
comprises: an optical-bench /multi-layer PC board 4164, contained between the upper and 
lower portions of the engine housing 4165A and 4165B; an BFD (i.e. camera) subsystem 4166 
mounted on the optical bench, and including area CCD image detection array 4156 contained 
within a light-box 4167 provided with image formation optics 4168, through which light 
collected from the illuminated object along the 3-D field of view (FOV) 4155 is permitted to 
pass; a pair of PLIMs (i.e. comprising a dual VLD PLIA) 4169A and 4169B mounted on optical 
bench 4164 on opposite sides of the EFD module, for producing PLIB 4153 within the 3-D FOV 
4155; a pair of beam sweeping mechanisms 4170A and 4170B for sweeping the planar laser 
illumination beam (PUB) produced from the PLIA across the 3-D FOV; and an optical assembly 
configured with each PLIM, including a spatial-only liquid crystal display (PO-LCD)type 
spatial phase modulation panel 4071 and a cylindrical lens array 4172 mounted beyond each 
PUM in the named order, providing a despeckling mechanism that operates in accordance with 
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the first generalized method of speckle-pattern noise reduction illustrated in Figs. 1I8F and 



I8G. 



Sixth Illustrative Embodiment Of The PLIIM-Based Hand-Supportable Area Imager Of The 
Present Invention Comprising Integrated Speckle-Pattern Noise Subsystem Operated In 
Accordance With The Second Generalized Method Of Speckle-Pattern Noise Reduction 
Illustrated In Figs. 1I14A Through 1I14D 

In Fig. 58A, there is shown a sixth illustrative embodiment of the PLHM-based hand- 
supportable area imager of the present invention. As shown, the PLHM-based imager 4180 
comprises: a hand-supportable housing 4181; a PLHM-based image capture and processing 
engine 4182 contained therein, for projecting a planar laser illumination beam (PUB) 4183 
through its imaging window 4184 in coplanar relationship with the field of view (FOV) 4185 of 
the area image detection array 4186 employed in the engine; a LCD display panel 4187 mounted 
on the upper top surface 4188 of the housing in an integrated manner, for displaying, in a real- 
time manner, captured images, data being entered into the system, and graphical user interfaces 
(GUIs) required in the support of various types of information-based transactions; a data entry 
keypad 4189 mounted on the middle top surface 4190 of the housing, for enabling the user to 
manually enter data into the imager required during the course of such information-based 
transactions; and an embedded-type computer and interface board 4191, contained within the 
housing, for carrying out image processing operations such as, for example, bar code symbol 
decoding operations, signature image processing operations, optical character recognition 
(OCR) operations, and the like, in a high-speed manner, as well as enabling a high-speed data 
communication interface 4192 with a digital communication network 4193, such as a LAN or 
WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 58B, the PLHM-based image capture and processing engine 4182 
comprises: an optical-bench/multi-layer PC board 4194, contained between the upper and 
lower portions of the engine housing 4195A and 4195B; an IFD (i.e. camera) subsystem 41% 
mounted on the optical bench, and including an area CCD image detection array 4186 contained 
within a light-box 4197 provided with image formation optics 4198, through which light 
collected from the illuminated object along 3-D field of view (FOV) 4185 is permitted to pass; a 
pair of PLIMs (i.e. comprising a dual VLD PLIA) 4199A and 4199B mounted on optical bench 
4194 on opposite sides of the IFD module, for producing PUB 4193 within the 3-D FOV 4195; a 
pair of beam sweeping mechanisms 4200A and 4200B for sweeping the planar laser 
illumination beam (PLIB) produced from the PLIA across the 3-D FOV; and an optical assembly 
configured with each PUM , including a high-speed optical shutter panel 4201 and a cylindrical 
lens array 4202 mounted before each PUM, to provide a despeckling mechanism that operates 
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in accordance with the second generalized method of speckle-pattern noise reduction illustrated 
in Figs. 1I14A and 1I14B. 

Seventh Illustrative Embodiment Of The PLIIM-Based Hand-Supportable Area Imager Of The 
Present Invention Comprising Integrated Speckle-Pattern Noise Subsystem Operated In 
Accordance With The Second Generalized Method Of Speckle-Pattern Noise Reduction 
Illustrated In Figs. 1I15A And 1I15B 

In Fig. 59 A, there is shown a seventh illustrative embodiment of the PLHM-based hand- 
supportable area imager of the present invention. As shown, the PUIM-based imager 4210 
comprises: a hand-supportable housing 4211; a PLHM-based image capture and processing 
engine 4212 contained therein, for projecting a planar laser illumination beam (PLIB) 4213 
through its imaging window 4214 in coplanar relationship with the field of view (FOV) 4215 of 
the area image detection array 4216 employed in the engine; a LCD display panel 4217 mounted 
on the upper top surface 4218 of the housing in an integrated manner, for displaying, in a real- 
time manner, captured images, data being entered into the system, and graphical user interfaces 
(GUIs) required in the support of various types of information-based transactions; a data entry 
keypad 4219 mounted on the middle top surface 4220 of the housing, for enabling the user to 
manually enter data into the imager required during the course of such information-based 
transactions; and an embedded-type computer and interface board 4221, contained within the 
housing, for carrying out image processing operations such as, for example, bar code symbol 
decoding operations, signature image processing operations, optical character recognition 
(OCR) operations, and the like, in a high-speed manner, as well as enabling a high-speed data 
communication interface 4222 with a digital communication network 4223, such as a LAN or 
WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 59B, the PUIM-based image capture and processing engine 4212 
comprises: an optical-bench/multi-layer PC board 4224, contained between the upper and 
lower portions of the engine housing 4225A and 4225B; an IFD (i.e. camera) subsystem 4226 
mounted on the optical bench, and including an area CCD image detection array 4216 contained 
within a light-box 4227 provided with image formation optics 4228, through which light 
collected from the illuminated object along the 3-D field of view (FOV) 4215 is permitted to 
pass; a pair of PLIMs (i.e. comprising a dual VLD PLIA) 4229A and 4229B mounted on optical 
bench 4224 on opposite sides of the IFD module, for producing a PUB within the 3-D FOV 
4215; a pair of beam sweeping mechanisms 4230A and 4230B for sweeping the planar laser 
illumination beam (PLIB) produced from the PLIA across the 3-D FOV; and an optical assembly 
configured with each PLIM, including a visible mode locked laser diode (MLLD) 4231 within 
each PUM and a cylindrical lens array 4232 after each PLEM, to provide a despeckling 
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mechanism that operates in accordance with the second generalized method of speckle-pattern 
noise reduction illustrated in Figs. 1I14A and 1I14B. 

Ei ghth Illustrative Embodiment Of The PLIIM-Based Hand-Supportable Area Imager Of The 
Present Invention Comprising Integrated Speckle-Pattern Noise Subsystem Operated In 
Accordance With The Third Generalized Method Of Speckle-Pattern Noise Reduction 
Illustrated In Figs. 1I17A And 1I17C 

In Fig. 60A, there is shown an eighth illustrative embodiment of the PUIM-based hand- 
supportable area imager of the present invention. As shown, the PLHM-based imager 4240 
comprises: a hand-supportable housing 4241; a PUIM-based image capture and processing 
engine 4242 contained therein, for projecting a planar laser illumination beam (PLIB) 4243 
through its imaging window 4244 in coplanar relationship with the field of view (FOV) 4245 of 
the area image detection array 4246 employed in the engine; a LCD display panel 4247 mounted 
on the upper top surface 4248 of the housing in an integrated manner, for displaying, in a real- 
time manner, captured images, data being entered into the system, and graphical user interfaces 
(GUIs) required in the support of various types of information-based transactions; a data entry 
keypad 4249 mounted on the middle top surface 4250 of the housing, for enabling the user to 
manually enter data into the imager required during the course of such information-based 
transactions; and an embedded-type computer and interface board 4251, contained within the 
housing, for carrying out image processing operations such as, for example, bar code symbol 
decoding operations, signature image processing operations, optical character recognition 
(OCR) operations, and the like, in a high-speed manner, as well as enabling a high-speed data 
communication interface 4252 with a digital communication network 4253, such as a LAN or 
WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 60B, the PLHM-based image capture and processing engine 4242 
comprises: an optical-bench/multi-layer PC board 4253, contained between the upper and 
lower portions of the engine housing 4255A and 4255B; an IFD (i.e. camera) subsystem 4256 
mounted on the optical bench, and including an area CCD image detection array 4246 contained 
within a light-box 4257 provided with image formation optics 4258, through which light 
collected from the illuminated object along the 3-D field of view (FOV) 4245 is permitted to 
pass; a pair of PUMs (i.e. comprising a dual VLD PLIA) 4259A and 4259B mounted on optical 
bench 4254 on opposite sides of the IFD module, for producing the 4253 PUB within the 3-D 
FOV 4245; a pair of beam sweeping mechanisms 4260A and 4260B for sweeping the planar 
laser illumination beam (PLIB) produced from the PLIA across the 3-D FOV; and an optical 
assembly configured with each PLIM, including an electrically-passive optically-resonant cavity 
(i.e. etalon) 4261 mounted external to each VLD and a cylindrical lens array 4262 mounted 
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beyond the PLIM, to provide a despeckling mechanism that operates in accordance with the 
third generalized method of speckle-pattern noise reduction illustrated in Figs. 1I17A and 
1I17B. 

Ninth Illustrative Embodiment Of The PLIIM-Based Hand-Supportable Area Imager Of The 



Present Invention Comprising Integrated Speckle-Pattern Noise Subsystem Operated In 



Accordance With The Fourth Generalized Method Of Speckle-Pattern Noise Reduction 



Illustrated In Figs. 1I19A And 1I19B 



In Fig. 61A, there is shown a ninth illustrative embodiment of the PLIIM-based hand- 
supportable area imager of the present invention. As shown, the PLIIM-based imager 4290 
comprises: a hand-supportable housing 4291; a PLIIM-based image capture and processing 
engine 4292 contained therein, for projecting a planar laser illumination beam (PLIB) 4293 
through its imaging window 4294 in coplanar relationship with the field of view (FOV) 4295 of 
the area image detection array 4296 employed in the engine; a LCD display panel 4297 mounted 
on the upper top surface 4298 of the housing in an integrated manner, for displaying, in a real- 
time manner, captured images, data being entered into the system, and graphical user interfaces 
(GUIs) required in the support of various types of information-based transactions; a data entry 
keypad 4299 mounted on the middle top surface 4300 of the housing, for enabling the user to 
manually enter data into the imager required during the course of such information-based 
transactions; and an embedded-type computer and interface board 4301, contained within the 
housing, for carrying out image processing operations such as, for example, bar code symbol 
decoding operations, signature image processing operations, optical character recognition 
(OCR) operations, and the like, in a high-speed manner, as well as enabling a high-speed data 
communication interface 4302 with a digital communication network 4303, such as a LAN or 
WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 61B, the PLIIM-based image capture and processing engine 4292 
comprises: an optical-bench/multi-layer PC board 4304, contained between the upper and 
lower portions of the engine housing 4305A and 4305B; an IFD module (i.e. camera subsystem) 
4306 mounted on the optical bench, and including an area CCD image detection array 42% 
contained within a light-box 4307 provided with image formation optics 4308, through which 
light collected from the illuminated object along a 3-D field of view (FOV) is permitted to pass; a 
taair of PLIMs (i.e. comprising a dual VLD PLIA) 4309A and4309B mounted on optical bench 
4304 on opposite sides of the IFD module, for producing a PLIB within the 3-D FOV; a pair of 
beam sweeping mechanisms 4310A and 4310B for sweeping the planar laser illumination 
beam produced from the PLIA across the 3-D FOV; and an optical assembly configured with 
each PLIM , including mode-hopping VLD drive circuitry 4311 associated with the driver 
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circuit of each VLD, and a cylindrical lens array 4312 mounted before each PLIM, to provide a 
despeckling mechanism that operates in accordance with the fourth generalized method of 
speckle-pattern noise reduction illustrated in Figs. 1I19A and 1I19B. 

Tenth Illustrative Embodiment Of The PLIIM-Based Hand-Supportable Area Imager Of The 
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Present Invention Comprising Integrated Speckle-Pattern Noise Subsystem Operated In 



Accordance With The Fifth Generalized Method Of Speckle-Pattern Noise Reduction Illustrated 
In Figs. 1121 A Through 1I21D 



In Fig. 62A, there is shown a tenth illustrative embodiment of the PLHM-based hand- 
supportable area imager of the present invention. As shown, the PUIM-based imager 4320 
comprises: a hand-supportable housing 4320; a PLHM-based image capture and processing 
engine 4322 contained therein, for projecting a planar laser illumination beam (PLIB) 4323 
through its imaging window 4324 in coplanar relationship with the field of view (FOV) 4325 of 
the area image detection array 4326 employed in the engine; a LCD display panel 4327 mounted 
on the upper top surface 4328 of the housing in an integrated manner, for displaying, in a real- 
time manner, captured images, data being entered into the system, and graphical user interfaces 
(GUIs) required in the support of various types of information-based transactions; a delta entry 
keypad 4329 mounted on the middle top surface 4330 of the housing, for enabling the user to 
manually enter data into the imager required during the course of such information-based 
transactions; and an embedded-type computer and interface board 4331, contained within the 
housing, for carrying out image processing operations such as, for example, bar code symbol 
decoding operations, signature image processing operations, optical character recognition 
(OCR) operations, and the like, in a high-speed manner, as well as enabling a high-speed data 
communication interface 4332 with a digital communication network 4333, such as a LAN or 
WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 62B, the PUIM-based image capture and processing engine 4322 
comprises: an optical-bench/multi-layer PC board 4334, contained between the upper and 
lower portions of the engine housing 4335A and 4335B; an EFD (i.e. camera) subsystem 4336 
mounted on the optical bench, and including area CCD image detection array 4326 contained 
within a light-box 4337 provided with image formation optics 4338, through which light 
collected from the illuminated object along the 3-D field of view (FOV) 4325 is permitted to 
pass; a pair of PUMs (i.e. comprising a dual VLD PLIA) 4339A and 4339B mounted on optical 
bench 4334 on opposite sides of the EFD module, for producing the PLIB 4323 within the 3-D 
FOV 4325; a pair of beam sweeping mechanisms 4340A and 4340B for sweeping the planar 
laser illumination beam (PLIB) produced from the PLIA across the 3-D FOV; and an optical 
assembly configured with each PLIM , including a micro-oscillating spatial intensity 
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modulation panel 4341 and a cylindrical lens array 4341 mounted beyond the PLIM in the 
named order, to provide a despeckling mechanism that operates in accordance with the fifth 
generalized method of speckle-pattern noise reduction illustrated in Figs. 1121 A through 1I21D. 

In an alternative embodiment, micro-oscillating spatial intensity modulation panel 4541 
can be replaced by a high-speed electro-optically controlled spatial intensity modulation panel 
designed to modulate the spatial intensity of the transmitted PLIB and generate a spatial 
coherence-reduced PLIB for illuminating target objects in accordance with the present 
invention. 

Eleventh Illustrative Embodiment Of Thp PT ITM-Based Hand-Supportable Area Imager Of The 
Present Invention Comprising Integrated Speckle-Pattern Noise Subsystem Operated In 
Accordance With The Sixth Generalized Method Of Speckle-Pattern Noise Reduction Illustrated 
In Figs. 1122 through 1I23B 

In Fig. 63A, there is shown an eleventh illustrative embodiment of the PLHM-based 
hand-supportable area imager of the present invention. As shown, the PLIIM-based imager 
4350 comprises: a hand-supportable housing 4351; a PLHM-based image capture and processing 
engine 4352 contained therein, for projecting a planar laser illumination beam (PLIB) 4353 
through its imaging window 4354 in coplanar relationship with the field of view (FOV) 4355 of 
the area image detection array 4356 employed in the engine; a LCD display panel 4357 mounted 
on the upper top surface 4358 of the housing in an integrated manner, ior displaying, in a real- 
time manner, captured images, data being entered into the system, and graphical user interfaces 
(GUIs) required in the support of various types of information-based transactions; a data entry 
keypad 4359 mounted on the middle top surface 4360 of the housing, for enabling the user to 
manually enter data into the imager required during the course of such information-based 
transactions; and an embedded-type computer and interface board 4361, contained within the 
housing, for carrying out image processing operations such as, for example, bar code symbol 
decoding operations, signature image processing operations, optical character recognition 
(OCR) operations, and the like, in a high-speed manner, as well as enabling a high-speed data 
communication interface 4362 with a digital communication network 4363, such as a LAN or 
WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 63B, the PLHM-based image capture and processing engine 4352 
comprises: an optical-bench/multi-layer PC board 4364, contained between the upper and 
lower portions of the engine housing 4365A and 4365B; an IFD (i.e. camera) subsystem 4366 
mounted on the optical bench, and including area CCD image detection array 4356 contained 
within a light-box 4367 provided with image formation optics 4368, through which light 
collected from the illuminated object along the 3-D field of view (FOV) 4355 is permitted to 
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pass; a pair of PLIMs (i.e. comprising a dual VLD PLIA) 4369A and 4369B mounted on optical 
bench 4364 on opposite sides of the IFD module, for producing the PLIB 4353 within the 3-D 
FOV 4355; a cylindrical lens array 4370 mounted before each PUM; a pair of beam sweeping 
mechanisms 4371 A and 4371 B for sweeping the planar laser illumination beam (PLIB) 
produced from the PLIA across the 3-D FOV; and an optical assembly configured with the IFD 
module 4366, including an electro-optical or mechanically rotating aperture (i.e. iris) 4372 
disposed before the entrance pupil of the IFD module, to provide a despeckling mechanism that 
operates in accordance with the sixth generalized method of speckle-pattern noise reduction 
illustrated in Figs. 1122 through 1I23B. 

Twelfth Illustrative Embodiment Of The PLIIM-Based Hand-Supportable Area Imager Of The 
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'resent Invention Comprising Integrated Speckle-Pattern Noise Subsystem Operated In 



Accordance With The Seventh Generalized Method Of Speckle-Pattern Noise Reduction 



Dlustrated In Figs. 1124 Through 1I24C 



In Fig. 64A, there is shown a twelfth illustrative embodiment of the PLHM-based hand- 
supportable area imager of the present invention. As shown, the PLHM-based imager 4380 
comprises: a hand-supportable housing 4381; a PLHM-based image capture and processing 
engine 4382 contained therein, for projecting a planar laser illumination beam (PLIB) 4383 
through its imaging window 4384 in coplanar relationship with the field of view (FOV) 4385 of 
the area image detection array 4386 employed in the engine; a LCD display panel 4387 mounted 
on the upper top surface 4388 of the housing in an integrated manner, for displaying, in a real- 
time manner, captured images, data being entered into the system, and graphical user interfaces 
(GUIs) required in the support of various types of information-based transactions; a data entry 
keypad 4389 mounted on the middle top surface 4390 of the housing, for enabling the user to 
manually enter data into the imager required during the course of such information-based 
transactions; and an embedded-type computer and interface board 4391, contained within the 
housing, for carrying out image processing operations such as, for example, bar code symbol 
decoding operations, signature image processing operations, optical character recognition 
(OCR) operations, and the like, in a high-speed manner, as well as enabling a high-speed data 
communication interface 4392 with a digital communication network 4393, such as a LAN or 
WAN supporting a networking protocol such as TCP/IP, Appletalk or the like. 

As shown in Fig. 64B, the PLHM-based image capture and processing engine 4382 
comprises: an optical-bench /multi-layer PC board 4394, contained between the upper and 
lower portions of the engine housing 4395A and 4395B; an IFD (i.e. camera) subsystem 4396 
mounted on the optical bench, and including area CCD image detection array 4386 contained 
within a light-box 4397 provided with image formation optics 4398, through which light 



-400- 



Attorney Case N( 




bUSAOOO 



collected from the illuminated object along the 3-D field of view (FOV) 4385 is permitted to 
pass; a pair of PLIMs (i.e. comprising a dual VLD PLIA) 4399A and 4399B mounted on optical 
bench 4396 on opposite sides of the IFD module, for producing the PUB 4383 within the 3-D 
FOV 4385; a cylindrical lens array 4400 mounted before each PLIM; a pair of beam sweeping 
mechanisms 4401A and 4401B for sweeping the planar laser illumination beam (PUB) 
produced from the PLIA across the 3-D FOV; and an optical assembly configured with each IFD 
module, including a high-speed electro-optical shutter 4402 disposed before the entrance pupil 
thereof, which provides a despeckling mechanism that operates in accordance with the seventh 
generalized method of speckle-pattern noise reduction illustrated in Figs. 1124 through 1I24C 

LED-Based PLIMS Of The Present Invention For Producing Spatially-Incoherent Planar Lig ht 
Illumination Beams (PLIBs) For Use In PLIIM-Based Systems 

In the numerous illustrative embodiments described above, the planar light 
illumination beam (PLIB) is generated by laser based devices including, but not limited to 
VLDs. In long-range type PLIIM systems, laser diodes are preferred over light emitting diodes 
(LEDs) for producing planar light illumination beams (PLIBs), ^s such devices can be most 
easily focused over long focal distances (e.g. from 12 inches or so to 6 feet and beyond). When 
using laser illumination devices in imaging systems, there will typically be a need to reduce toe 
coherence of the laser illumination beam in order that the RMS power of speckle-pattern noise 
patterns can be effectively reduced at the image detection array of the PUIM system. In short- 
range type imaging applications having relatively short focal distances (e.g. less than 12 inches 
or so), it may be feasible to use LED-based illumination devices to produce PUBs for use in 
diverse imaging applications. In such short-range imaging applications, LED-based planar 
light illumination devices should offer several advantages, namely: (1) no need for despeckling 
mechanisms as often required when using laser-based planar light illumination devices; and (2) 
the ability to produce color images when using white (i.e. broad-band) LEDs. 

Referring to Figs. 65A through 67C, three exemplary designs for LED-based PLIMs will 
be described in detail below. Each of these PUM designs can be used in lieu of the VLD-based 
PLIMs disclosed hereinabove and incorporated into the various types of PLHM-based systems 
of the present invention to produce numerous planar light illumination and imaging (PUIM) 
systems which fall within the scope and spirit of the present invention disclosed herein. It is 
understood, however, that to due focusing limitations associated with LED-based PLIMs of the 
present invention, LED-based PLIMs are expected to more practical uses in short-range type 
imaging applications, than in long-range type imaging applications. 
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In Fig. 65A, there is shown a first illustrative embodiment of an LED-based PLIM 4500 
for use in PLIIM-based systems having short working distances. As shown, the LED-based 
PLIM 4500 comprises: a light emitting diode (LED) 4501, realized on a semiconductor substrate 
4502, and having a small and narrow (as possible) light emitting surface region 4503 (i.e. light 
emitting source); a focusing lens 4504 for focusing a reduced size image of the light emitting 
source 4503 to its focal point, which typically will be set by the maximum working distance of 
the system in which the PLIM is to be used; and a cylindrical lens element 4505 beyond the 
focusing lens 4504, for diverging or spreading out the light rays of the focused light beam along 
a planar extent to produce a spatially-incoherent planar light Ulumination beam (PLIB) 4506, 
while the height of the PUB is determined by the focusing operations achieved by the focusing 
lens 4505; and a compact barrel or like structure 4507, for containing and maintaining the above 
described optical components in optical alignment, as an integrated optical assembly. 

Preferably, the focusing lens 4504 used in LED-based PLIM 4500 is characterized by a 
large numerical aperture (i.e. a large lens having a small F #), and the distance between the light 
emitting source and the focusing lens is made as large as possible to maximize the collection of 
the largest percentage of light rays emitted therefrom, within the spatial constraints allowed by 
the particular design. Also, the distance between the cylindrical lens 4505 and the focusing lens 
4504 should be selected so that beam spot at the point of entry into the cylindrical lens 4505 is 
sufficiently narrow in comparison to the width dimension of the cylindrical lens. Preferably, 
flat-top LEDs are used to construct the LED-based PLIM of the present invention, as this sort of 
optical device will produce a collimated light beam, enabling a smaller focusing lens to be used 
without loss of optical power. The spectral composition of the LED 4501 can be associated with 
any or all of the colors in the visible spectrum, including "white" type light which is useful in 
producing color images in diverse applications in both the technical and fine arts. 

The optical process carried out within the LED-based PLIM of Fig. 65A is illustrated in 
greater detail in Fig. 65B. As shown, the focusing lens 4504 focuses a reduced size image of the 
light emitting source of the LED 4501 towards the farthest working distance in the PLIIM-based 
system. The light rays associated with the reduced-sized image are transmitted through the 
cylindrical lens element 4505 to produce the spatially-incoherent planar light illumination beam 
(PLIB) 4506, as shown. 

In Fig. 66A, there is shown a second illustrative embodiment of an LED-based PLIM 
4510 for use in PUIM-based systems having short working distances. As shown, the LED 
based PLIM 4510 comprises: a light emitting diode (LED) 4511 having a small and narrow (as 
possible) light emitting surface region 4512 (i.e. light emitting source) realized on a 
semiconductor substrate 4513; a focusing lens 4514 (having a relatively short focal distance) for 
focusing a reduced size image of the light emitting source 4512 to its focal point; a collimating 
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lens 4515 located at about the focal point of the focusing lens 4514, for collimating the light rays 
associated with the reduced size image of the light emitting source 4512; and a cylindrical lens 
element 4516 located closely beyond the collimating lens 4515, for diverging the collimated light 
beam substantially within a planar extent to produce a spatially-incoherent planar light 
illumination beam (PLIB) 4518; and a compact barrel or like structure 4517, for containing and 
maintaining the above described optical components in optical alignment, as an integrated 
optical assembly. 

Preferably, the focusing lens 4514 in LED-based PLIM 4510 should be characterized by a 
large numerical aperture (i.e. a large lens having a small F #), and the distance between the light 
emitting source and the focusing lens be as large as possible to maximize the collection of the 
largest percentage of light rays emitted therefrom, within the spatial constraints allowed by the 
particular design. Preferably, flat-top LEDs are used to construct the PLIM of the present 
invention, as this sort of optical device will produce a collimated light beam, enabling a smaller 
focusing lens to be used without loss of optical power. The distance between the collimating 
lens 4515 and the focusing lens 4513 will be as close as possible to enable collimation of the light 
rays associated with the reduced size image of the light emitting source 41512. The spectral 
composition of the LED can be associated with any or all of the colors in the visible spectrum, 
including "white" type light which is useful in producing color images in diverse applications. 

The optical process carried out within the LED-based PLIM of Fig. 66A is illustrated in 
greater detail in Fig. 66B. As shown, the focusing lens 4514 focuses a reduced size image of the 
light emitting source of the LED 4512 towards a focal point at about which the collimating lens 
is located. The light rays associated with the reduced-sized image are collimated by the 
collimating lens 4515 and then transmitted through the cylindrical lens element 4516 to produce 
a spatially-coherent planar light illumination beam (PLIB), as shown. 



lanar Light Illumination Array rPLI Al Of The Present Invention Employing Micro-Optiral 
Lenslet Array Stack Integrated To An L ED Array Substrate Contained Within A Semiconductor 



'ackage Having A Light Transmission Window Thr ough Which A Spatiallv-Tncoherent Planar 



Light mumination Beam (P UB) Is Transmitted 



In Figs. 67A through 67C, there is shown a third illustrative embodiment of an LED- 
based PLIM 4600 for use in PLHM-based systems of the present invention. As shown, the LED- 
based PUM 4600 is realized as an array of components employed in the design of Figs. 66A and 
66B, contained within a miniature IC package, namely: a linear-type light emitting diode (LED) 
array 4601, on a semiconductor substrate 4602, providing a linear array of light emitting sources 
4603 (having the narrowest size and dimension possible); a focusing-type microlens array 4604, 
mounted above and in spatial registration with the LED array 4601, providing a focusing-type 



-403- 



Attorney Case J27USA000 

lenslet 4604A above and in registration with each light emitting source, and projecting a 
reduced image of the light emitting source 4605 at its focal point above the LED array; a 
collimating-type microlens array 4607, mounted above and in spatial registration with the 
focusing-type microlens array 4604, providing each focusing lenslet with a collimating-type 
lenslet 4607A for collimating the light rays associated with the reduced image of each light 
emitting device; and a cylindrical-type microlens array 4608, mounted above and in spatial 
registration with the collimating-type micro-lens array 4607, providing each collimating lenslet 
with a linear-diverging type lenslet 4608A for producing a spatially-incoherent planar light 
illumination beam (PLIB) component 4611 from each light emitting source; and an IC package 
4609 containing the above-described components in the stacked order described above, and 
having a light transmission window 4610 through which the spatially-incoherent PUB 4611 is 
transmitted towards the target object being illuminated. The above-described IC chip can be 
readily manufactured using manufacturing techniques known in the micro-optical and 
semiconductor arts. 

Notably, the LED-based PLIM 4500 illustrated in Figs. 65A and 65B can also be realized 
within an IC package design employing a stacked microlens array structure as described above, 
to provide yet another illustrative embodiment of the present invention. In this alternative 
embodiment of the present invention, the following components will be realized within a 
miniature IC package, namely: a light emitting diode (LED) providing a light emitting source 
(having the narrowest size and dimension possible) on a semiconductor substrate; focusing 
lenslet, mounted above and in spatial registration with the light emitting source, for projecting a 
reduced image of the light emitting source at its focal point, which is preferably set by the 
further working distance required by the application at hand; a cylindrical-type microlens, 
mounted above and in spatial registration with the collimating-type microlens, for producing a 
spatially-incoherent planar light illumination beam (PLIB) from the light emitting source; and 
an IC package containing the above-described components in the stacked order described 
above, and having a light transmission window through which the composite spatially- 
incoherent PLIB is transmitted towards the target object being illuminated. 

Airport Security System Of The Pres ent Invention Employing X-Rav Bagg a ge Scanners. PT.TTM- 
Based Passenger and Baggage Identification. Profiling And Tracking Subsystem. An 
Internetworked Passeneer and Baggag e RDBMSs. And Automated Data Processing Subsystems 
For Operating On Collecte d Passenger And Baggage Data Stored Therein 

In Figs. 68A and 68B, there is shown a novel airport security system for carrying out 
passenger and baggage identification, profiling, tracking and analysis using one or more PUIM- 
based object identification and dimensioning subsystems 25' of the present invention. 
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As shown in Fig. 68A, the airport security system 2600 comprises: (1) at least one PLIIM- 
based passenger identification and profiling camera subsystem 25', for (i) capturing a digital 
image of the face, head and upper body of each passenger to board an aircraft at the airport, (ii) 
capturing a digital profile of his or her face and head (and possibly body) using the LDIP 
subsystem 122 employed therein, (iii) capturing a digital image of the passenger's identification 
card(s) 2601, (iii) indexing such passenger attribute information with the corresponding 
passenger identification (PID) number encoded within the PID bar code symbol 2602 that is 
•rinted on a passenger identification (PID) bracelet 2603 affixed to the passenger's hand at the 
assenger check-in station 2605, and to be worn thereby during the entire duration of the 
passenger's scheduled flight; (2) a passenger identification (PID) bar code symbol and baggage 
identification (BID) bar code symbol dispensing subsystem 2606, installed at the passenger 
check-in station 2605, for dispensing (i) the PID bar code symbol 2602 and bracket 2603 to be 
worn by the passenger, and (ii) a unique BID bar code label 2607 for attachment to each baggage 
article 2608 to be carried aboard the aircraft on which the checked-in passenger will fly (or on 
another aircraft), wherein each BID bar code symbol 2607 assigned to baggage article is co- 
indexed with the PID bar code symbol 2602 assigned to the passenger checking in his or her 
jaggage; (3) a tunnel-type package identification, dimensioning and tracking subsystem 2610 as 
shown, for example, in Fig. 31, comprising at least one PLUM-based PID unit 25' installed 
before the entry port of the X-radiation baggage scanning subsystem 2611 (or integrated 
therein), and also passenger and baggage data element tracking computer 2612, for 
automatically (i) identifying each article of baggage 2608 by reading the baggage identification 
(BID) bar code symbol 2607 applied thereto at a baggage check-in station 2613 of the airport 
security system 2600, (ii) dimensioning (i.e. profiling) the article of baggage, (iii) capturing a 
digital image 2614 of the article of baggage, (iv) indexing such baggage attribute information 
with the corresponding BID number encoded into the scanned BID bar code symbol, and (v) 
sending such BID-indexed baggage attribute information to a passenger and baggage attribute 
RDBMS 2616 for storage as a baggage attribute record, as illustrated in Fig. 68B; (4) an x-ray (or 
CT) baggage scanning subsystem 2611 (i.e. realizable by any X-Ray Scanning System by Perkin- 
Elmer Instruments, or other x-ray scanner vendor), installed slightly downstream from the 
tunnel-based system 2610, for automatically scanning each BID bar coded article of baggage to 
be loaded onto an aircraft using, for example, x-radiation, gamma-radiation and/or other 
radiation beams, and producing visible digital images of the interior and contents of each 
baggage article; (5) the passenger and baggage attribute RDBMS 2616, operably connected to 
the PUIM-based passenger identification and profiling camera subsystem 25', the baggage 
identification (BID) bar code symbol dispensing subsystem 2606, the tunnel-type package 
identification and dimensioning subsystem 2610, and the baggage scanning subsystem 2611, for 
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maintaining coindexed records on passenger attribute information and baggage attribute 
information, as illustrated in Fig. 68B; (6) a computer-based information processing subsystem 
2618 for processing passenger and baggage attribute records (e.g. text files, image files, voke 
files, etc.) as shown in Fig. 68B and maintained in the RDBMS 2616, to automatically mine and 
detect suspect conditions in such information records, as well as in records maintained in a 
remote RDBMS 2620 in communication with the processor 2618 via the Internet 2621, which 
might detect a condition for alarm or security breach (e.g. explosive devices, identify suspect 
passengers linked to criminal activity, etc.); and (7) one or more security breach alarm 
subsystems 2622, for detecting and issuing alarms to security personnel 2623 and other 
subsystems 2624 concerning possible security breach conditions during and after passengers 
and baggage are checked into an airport. 

In the illustrative embodiment, the PID number encoded into each PID bar code symbol 
assigned to each passenger encodes a unique passenger identification number. Preferably, this 
number is also encoded within each BID bar code symbol 2607 affixed to the baggage articles 
carried by the passenger. The PID and BID bar code symbols may be constructed from 1-D or 2- 
D bar code symbologies. It is also understood that other number systems may be used with 
acceptable results. In Fig. 68B, there is shown an exemplary passenger and baggage database 
record 2620 which is created and maintained by the airport security system 2600 of Fig. 68A. 
Notably, for each passenger boarding a scheduled flight, PID-indexed information attributes 
2621 are stored in RDBMS 2618 with BID-indexed information attributes 2622 linked to the PID- 
indexed information attributes associated with the passenger carrying on the baggage articles. 
Also, an optional retinal scanner or other biometric scanner may be provided at each passenger 
check-in station to collect biometric information about the passenger to confirm his or her 
identity. Such information will also be indexed with the passengers PID number and stored in 
the RDBMS 2616 for subsequent analysis. 

Operation of the airport security system 2600 will be described in detail below. Each 
passenger who is about to board an aircraft at an airport, would first go to check-in station 2605 
with personal identification (e.g. passport, driver's license, etc.) in hand as well as articles of 
baggage to be carried on the aircraft by the passenger. Upon checking in with this station, the 
passenger identification (PID) bar code symbol and baggage identification (BID) bar code 
symbol dispensing subsystem 2606 issues (1) a passenger identification bracelet 2603 bearing a 
PID bar code symbol, and (2) a corresponding PID bar code symbol 2607 for attachment to each 
package carried on the aircraft by the passenger. At the same time, subsystem 2606 creates a 
passenger /baggage information record 2660 in the RDBMS 2616 for each passenger and set of 
baggage checked into the system 2600 at the check-in station 2605. Then, the passenger 
identification (PID) bracelet 2603 is affixed to the passenger's hand at the passenger check-in 
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station 2605 which is to be worn during the entire duration of the passenger's scheduled flight 
Then, the PLIIM-based passenger identification and profiling camera subsystem 25' 
automatically captures (i) a digital image of the passenger's face, head and upper body, (ii) a 
digital profile of his or her face and head (and possibly body) using the LDIP subsystem 122 
employed therein, and (iii) a digital image of the passenger's identification card(s) 2601. Each 
such item of passenger attribute information is indexed with the corresponding passenger 
identification (PID) number encoded within the PID bar code symbol 2602 printed on the 
passenger identification (PID) bracelet 2603 affixed to the passenger's hand at the passenger 
check-in station 2605. 

Then each BID bar coded article of baggage is conveyed through the tunnel-type 
package identification, dimensioning and tracking subsystem 2610 installed before the entry 
port of the X-radiation baggage scanning subsystem 2611 (or integrated therewith), and then 
through the X-radiation baggage scanning subsystem 2611. As this scanning process occurs, 
each bar coded article of baggage is automatically identified, imaged, and 
dimensioned/profiled by subsystem 2610 and then imaged by x-radiation scanning subsystem 
2611, The passenger and baggage attribute information items generated by each of these 
subsystems are automatically indexed with the PID and BID numbers, respectively, of the 
passengers and baggage, and stored in the RDBMS 2616 for subsequent information processing. 

Conventional methods of detecting suspicious conditions revealed by x-ray images of 
baggage are used (e.g. using an x-ray monitor adjacent the x-ray scanning subsystem 2611), and 
passengers are authorized to either board the aircraft unless such a condition is detected. In 
addition, intelligent information processing algorithms running on processor 2618 
automatically operate oh each passenger and baggage attribute record stored in RDBMS 2616 as 
well as RDBMS 2660 in order to detect any suspicious conditions which may given concern or 
alarm about either a particular passenger or article of baggage presenting concern or a breach erf 
security. Such post-check-in information processing operations can also be carried out with 
human assistance, if necessary, to determine if a breach of security appears to have occurred. If 
a breach is determined prior to flight-time, then the flight related to the suspect passenger 
and/or baggage might be aborted with the use of security personnel signaled by subsystem 
2623. If a breach is detected after an aircraft has lifted off, then the flight crew and pilot can be 
informed by radio communication of the detected security concern. 

The primary advantages of the airport security system and method of present invention 
is that it enables passenger and baggage attribute information collected by the system to be 
further processed after a particular passenger and baggage article has been checked in, using 
automated information analyzing agents and remote intelligence RDBMS 2620. The digital 
images and facial profiles collected from each checked-in passenger can be compared against 
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passenger attribute information records previously stored in the RDBMS 2616. Such 
information processing can be useful in identifying first-time passengers, as well as passengers 
who are trying to falsify their identity to gain passage aboard a particular flight. Also, in the 
event that subsequent analysis of baggage attributes reveal a security breach, the digital image 
and profile information of the particular article of baggage, in addition to its BID number, will 
be useful in finding and locating the baggage article aboard the aircraft in the event that this is 
necessary. The intelligent image and information processing algorithms carried out by 
processing subsystem 2618 are within the knowledge of those skilled in the art to which the 
present invention pertains. 

Modifications Of The Illustrative Embodiments 

While each embodiment of the PLHM system of the present invention disclosed herein 
has employed a pair of planar laser illumination arrays, it is understood that in other 
embodiments of the present invention, only a single PLIA may be used, whereas in other 
embodiments three or more PLIAs may be used depending on the application at hand. 

While the illustrative embodiments disclosed herein have employed electronic-type 
imaging detectors (e.g. 1-D and 2-D CCD-type image sensing/detecting arrays) for the clear 
advantages that such devices provide in bar code and other photo-electronic scanning 
applications, it is understood, however, that photo-optical and/or photo-chemical image 
detectors/sensors (e.g. optical film) can be used to practice the principles of the present 
invention disclosed herein. 

While the package conveyor subsystems employed in the illustrative embodiments have 
utilized belt or roller structures to transport packages, it is understood that this subsystem can 
realized in many ways, for example: using trains running on tracks passing through the 
laser scanning tunnel; mobile transport units running through the scanning tunnel installed in a 
factory environment; robotically-controlled platforms or carriages supporting packages, parcels 
or other bar coded objects, moving through a laser scanning tunnel subsystem. 

Expectedly, the PLIIM-based systems disclosed herein will find many useful 
applications in diverse technical fields. Examples of such applications include, but are not 
limited to: automated plastic classification systems; automated road surface analysis systems; 
rut measurement systems; wood inspection systems; high speed 3D laser proofing sensors; 
stereoscopic vision systems; stroboscope vision systems; food handling equipment; food 
harvesting equipment (harvesters); optical food sortation equipment; etc. 

The various embodiments of the package identification and measuring system hereof 
have been described in connection with scanning linear (1-D) and 2-D code symbols, graphical 
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images as practiced in the graphical scanning arts, as well as alphanumeric characters (e.g. 
textual information) in optical character recognition (OCR) applications. Examples of OCR 
applications are taught in US Patent No. 5,727,081 to Burges, et al, incorporated herein by 

reference. 

It is understood that the systems, modules, devices and subsystems of the illustrative 
embodiments may be modified in a variety of ways which will become readily apparent to 
those skilled in the art, and having the benefit of the novel teachings disclosed herein. All such 
modifications and variations of the illustrative embodiments thereof shall be deemed to be 
within the scope and spirit of the present invention as defined by the Claims to Invention 
appended hereto. 
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